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Abstract 
Purpose:  The aim of this study was to compare the effectiveness of chiropractic manipulation 
and shockwave therapy versus chiropractic manipulation and myofascial dry needling on a target 
group that had mechanical low back pain with active myofascial trigger points of the quadratus 
lumborum muscle.  
Method: This was a comparative study utilizing convenient sampling and random group 
allocation. A selection of 30 male and female participants between the ages of 18 and 50 years 
were recruited for this study. Upon meeting the inclusion criteria, participants were allocated into 
one of two groups by random draw, with 15 participants per group. Group 1 received the use of 
myofascial dry needling to the active trigger points in the quadratus lumborum muscle. Group 2 
received shockwave therapy to the active trigger points of the quadratus lumborum muscle. Both 
groups received manipulation to their lumbar spine. Objective measurements were performed 
using a pressure pain algometer (PPA) and a lumbar range of motion device (LROM). Subjective 
data was captured using the visual analogue scale for pain (VAS).  
Results: The intra-group analysis of the VAS showed that both groups showed an equally 
significant improvement in decreasing perceived pain scores (p ≤ 0.05). This also showed to be 
the case for the intra-group analysis of the PPA readings between the two groups. At visit 4 and 
7, the difference in LROM values between the groups was not significant (p > 0.05). This means 
that neither of the two groups show statistically significant superiority over the other in terms of 
lumbar range of motion. 
Conclusion: Both treatment protocols had positive clinical effects on the participants. 
Subjectively the participants, on average, experienced a decrease in perceived pain. Objectively 
both the LROM measurements and the pressure algometer readings decreased throughout the 
trial period, this was noted in both groups. This suggests that although both treatment protocols 
had positive effects on participants over the trial, neither treatment protocol had definitive 
statistical improvements compared to the other.  
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CHAPTER 1 – INTRODUCTION 
 
1.1 Problem Statement 
 
Active myofascial trigger points in the quadratus lumborum muscle are often the cause of low 
back pain (Travell & Simons, 2001). Myofascial trigger points are discrete, hyperirritable, taut 
bands in a muscle that can produce pain (Hanten et al, 2002). This is a commonly experienced 
problem that leads to the consumption of pain medication and a decrease in productivity (Travell 
& Simons, 2001).  
Chiropractic manipulation and soft tissue therapies such as myofascial dry needling are often 
used in the treatment of these trigger points to relieve muscle spasm and to decrease pain 
(Meeker & Haldeman, 2002).  
Shockwave therapy is a soft tissue modality that has proved to be effective in the treatment of 
tendinopathies, scar tissue breakdown and myofascial trigger points (Gleitz & Horning, 2012). 
However, there is little research on its effectiveness in treating active myofascial trigger points 
in the quadratus lumborum muscle. This could be an alternative, less invasive method of 
treatment when compared to myofascial dry needling. 
 
1.2 Aims 
 
The aim of this study was to compare the effectiveness of chiropractic manipulation and 
shockwave therapy versus chiropractic manipulation and myofascial dry needling on a target 
group that had mechanical low back pain with active myofascial trigger points of the quadratus 
lumborum muscle.  
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1.3 Possible Outcomes and Contributions 
 
This study may contribute more evidence on the efficacy of shockwave therapy in treating 
myofascial trigger points of the quadratus lumborum muscle in conjunction with chiropractic 
manipulation as an effective treatment for the relief of symptoms caused by mechanical low back 
pain. This will be compared to the already effective treatment of myofascial dry needling 
(Dommerholt & Fernandez-De-Las-Penas, 2013) to the quadratus lumborum muscle in 
conjunction with chiropractic manipulation to the lumbar spine.  
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CHAPTER 2- LITERATURE REVIEW 
 
2.1 Introduction 
 
This chapter is a review of the literature and theoretical content that is related to this research 
study. Specifically, it will touch on the relevant information regarding shockwave therapy, 
myofascial dry needling, the chiropractic manipulation, as well as anatomy and physiology of the 
lumbar spine and quadratus lumborum muscle. 
 
2.2 Anatomy and Physiology 
 
2.2.1 Anatomy of the Quadratus Lumborum Muscle 
 
The quadratus lumborum muscle is a muscle of the posterior trunk that functions as a truncal 
stabilizer as well as assisting in inspiration and forced exhalation (Travell & Simons, 2001).  
The quadratus lumborum originates superiorly from the medial portion of the lower border of the 
12th rib as well as the transverse processes of lumbar vertebrae 1 to 4. Inferiorly, it attaches by 
aponeurotic fibers to the iliolumbar ligament and adjacent portion of the iliac crest. It is a broad, 
flat muscle that spans the lower half of the posterior trunk longitudinally. As shown in Figure 2.1, 
the muscle fibers of the quadratus lumborum muscle are orientated in three different directions; 
vertically orientated iliocostal fibers, diagonally orientated iliolumbar and lumbocostal fibers. It is 
good to think of this muscle as three muscles working together instead of just one. The nerve 
supply of the quadratus lumborum muscle arises from the 12th thoracic and upper 3 or 4 lumbar 
spinal nerves (Travell & Simons, 2001).  
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Figure 2.1: Quadratus Lumborum Muscle (Travell & Simons, 2001) 
 
2.2.2 Biomechanics of the Quadratus Lumborum 
 
The actions of the quadratus lumborum muscle are dependent on their attachment. When acting 
bilaterally they extend the trunk, when acting unilaterally they assist in side bending of the trunk. 
If the spine is stabilized, the quadratus lumborum will hike up the ipsilateral hip when contracted 
unilaterally (Dommerholt & Fernandez-De-Las-Penas, 2013). The primary antagonist to one 
quadratus lumborum is the corresponding muscle on the opposite side. This means that 
myofascial trigger points and fiber shortening in one quadratus lumborum muscle frequently 
leads to secondary involvement of the opposite quadratus lumborum by overloading it (Travell 
& Simons, 2001).  
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2.2.3 Lumbar Spine Anatomy 
 
2.2.3.1 Structure of The Lumbar Vertebrae 
 
The lumbar vertebral body shape can be described as the shape of a kidney bean as the surface 
is wider laterally than it is from anterior to posterior. It is also broader with less vertical height 
than the thoracic vertebrae. The lumbar spinous processes are bulky and rectangular and are 
formed by the joining of the two laminae which run inferiorly and laterally in an oblique plane. 
The lumbar vertebrae have two transverse processes running posterolaterally in an oblique 
plane, as well as two mamillary processes housing the articular facet joints in a sagittal plane. 
The mamillary processes arise from the pedicles on either side which originate from the vertebral 
body, creating the posterior arch and neural canal for the spinal cord and cauda equina. The 
superior articular surface faces posteromedially in the sagittal plane and the inferior articular 
surface faces anterolaterally, also in the sagittal plane. These two articular surfaces fit very well 
into one another and create a stabilization of the overlying vertebra laterally as a result of the 
buttress-like structure of the articular processes, as shown in Figure 2.2 (Kapandji, 2008).  
The intervertebral foramen is an area of great biomechanical, functional, and clinical 
significance. Much of its importance stems from the fact that the intervertebral foramen provides 
an osteoligamentous boundary between the central nervous system and the peripheral nervous 
system (Gatterman, 2005). This points out the importance of correct diagnosis between true 
extremity pain and referred pain of spinal origin. A pair (left and right) of intervertebral foramina 
are located between all of the adjacent vertebrae from C2 to the sacrum. lVF’s lie posterior to 
the vertebral bodies and between the superior and inferior vertebral notches of adjacent 
vertebrae. This means that the pedicles of adjacent vertebrae form the "roof" and "floor" of this 
region. The width of the pedicles gives depth to the opening of the intervertebral foramen which 
is important for neural passageway through the canal (Gatterman, 2005).  
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2.2.4 Lumbar Facet Joints and Their Innervation 
 
The anatomy of a lumbar facet joint is determined by its function. The primary function of lumbar 
facet articulations is to provide resistance to rotational and shear forces which assists in 
protecting the lumbar intervertebral discs (Gatterman, 2005).  
A facet joint is anatomically described as the junction between the superior and inferior articular 
facets of the articular process on one side of two adjacent vertebrae. These joints are also 
referred to as zygoaphophyseal joints (Z joints) or interlaminar joints. Facet joints are classified 
as synovial (diarthrodial) planar joints. Each facet joint is surrounded by a joint capsule 
posteriorly which consists of three different layers: an outer layer of dense fibroelastic connective 
 
Figure 2.2: Lumbar Vertebrae Anatomy (Netter, 2011) 
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tissue; a vascular central layer consisting of loose areolar tissue and connective tissue; an inner 
layer consisting of synovial membrane. Anteriorly and medially, the facet joint is covered by the 
ligamentum flavum. The synovial membrane lines the articular capsule, the ligamentum flavum 
and the synovial joint folds. However, it does not line the articular hyaline cartilage on the joint 
surfaces. The joints synovial folds do extend into the joint to cover a portion of the hyaline 
cartilage. Synovial folds are synovial lined extensions of the joint capsule that extend into the 
facet joint space and are also referred to as menisci. These menisci are pain sensitive and 
therefore lead to pain production when compressed between the joint surfaces (Gatterman, 
2005).  
The joint capsule and adjacent tissues are innervated by branches from the medial branch of 
the posterior primary rami, each facet receiving innervation from two spinal levels, one from 
above and one from below. As the medial branch of the posterior primary ramus traverse’s 
inferior to the facet joint, it travels through a bony tunnel covered by the mammilloaccessory 
ligament (Bartholomew, Martini & Nath, 2014).  
 
2.2.5 Biomechanics of the Lumbar Spine 
 
The lumbar region is capable of movement in flexion, extension, lateral flexion, and rotation. The 
lumbar facet joints favor flexion and extension, because of their sagittal plane orientation 
(Levangie & Norkin, 2005).  
 
Flexion 
During flexion, the body of the upper vertebra tilts and glides slightly forward. This reduces the 
thickness of the intervertebral disc anteriorly and increases it posteriorly. This causes the disc to 
become wedge shaped. The base of the vertebrae faces posteriorly and the nucleus pulposus 
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(centre of the intervertebral disc) is driven posteriorly, stretching the posterior fibers of the outer 
layer, annulus fibrosis, of the vertebral disc (Kapandji, 2008).  
The inferior articular processes of the upper vertebra glide upwards and lose full contact with the 
superior articular processes of the lower vertebra. This causes the capsule and the ligaments of 
the facet joint to be maximally stretched, along with the other ligaments of the vertebral arch - 
the ligamentum flavum, the interspinous ligament, the supraspinous ligament and the posterior 
longitudinal ligament. The tension produced in these ligaments and the joint capsule are what 
limits the amount of flexion in the lumbar spine (Kapandji, 2008).  
 
Extension 
During extension, the body of the upper vertebra tilts and moves posteriorly. This causes the 
disc to become flatter posteriorly and thicker anteriorly. The spinal segment is now a wedge 
shape with its base lying anteriorly. The nucleus is pushed anteriorly, stretching the anterior 
fibers of the annulus fibrosis and the anterior longitudinal ligament. The posterior longitudinal 
ligament is relaxed during extension. The articular processes of the upper and lower vertebrae 
become more tightly interlocked and the spinous processes touch each other. Hence extension 
is limited by the impact of the bony structures of the arch and by the stretching of the anterior 
longitudinal ligament (Kapandji, 2008).  
 
Lateral Flexion 
During lateral flexion the body of the upper vertebra tilts on the side of flexion, while the disc 
becomes wedge-shaped and thicker on the other side, with displacement of the nucleus to the 
opposite side to lateral flexion. The contralateral intertransverse ligament is stretched, while the 
ipsilateral ligament slackens (Kapandji, 2008).  
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Rotation 
The effectiveness of the facet joints in resisting axial rotation depends on the extent that the 
superior facets face medially (sagittally). The greater the medial orientation of the joint surfaces, 
the greater the resistance to axial rotation. The amount of rotation at each vertebral level is also 
affected by the position of the lumbar spine. When the lumbar spine is flexed, the range of motion 
in rotation is less than when it is in the neutral position. The posterior anulus fibrosus and the 
posterior longitudinal ligament also have an important role in limiting axial rotation when the 
spine is flexed. The facet joint capsules limit rotation in both the neutral and extended positions 
of the spine. Rotation is most in the upper lumbar vertebrae and decreases as you descend with 
the least rotation occurring at the lumbosacral joint due to the 45 degree orientation of the facet 
joints to the sagittal plane. The most range of motion in rotation occurs at L2 and L3 (Levangie 
& Norkin, 2005).  
 
2.3 Myofascial Pain Syndrome 
 
2.3.1 Introduction  
 
Myofascial pain is a significant health problem affecting as much as 85% of the general 
population sometime in their lifetime while the estimated overall prevalence is 46% (Jafri, 2014). 
While myofascial pain syndrome is complex in its presentation, the onset and persistence of 
myofascial pain syndrome are known to be caused by myofascial trigger points characterize by 
chronic muscle pain. This can occur in multiple, distinct areas of the body following a traumatic 
injury, sustained chronic postural states and repeated overloading stress on a muscle. This 
causes a variety of localized pain in the surrounding soft tissues and joints (Buskila, 2000). 
Myofascial pain syndrome is associated with hyperalgesia, psychological disturbance, and 
significant restriction of daily functioning (Harden et al., 2000). 
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2.3.2 Myofascial Trigger Points 
 
2.3.2.1 Definition  
According to Simons et al (2001), the definition of a myofascial trigger point is ‘a hyperirritable 
spot in a taut band of skeletal muscle that is painful on compression, stretch, overload or 
contraction of the tissue which usually responds with a referred pain that is perceived distant 
from the spot’.  
Myofascial trigger points are in fact neuromuscular lesions that develop within a muscle, and not 
just overly contracted muscle fibers. The central nervous system is affected by the neurological 
loop that myofascial trigger points form part of (Lucas, Polus & Rich, 2004). It was found that the 
prevalence of myofascial trigger points is higher in females when compared to males, with 
females having a statistic of 54% while males are 45% (Delgado et al., 2009), and so this will be 
considered when discussing the data analysis. The most common age for presentation of 
myofascial trigger points is found between the ages of 27.5 and 50 years old (Delgado et al., 
2009). Myofascial trigger points are also classified as primary or secondary trigger points. 
Primary trigger points are those that develop from chronic overloading of the muscle in question 
and not because of the actions of another muscle. Secondary trigger points are the result of 
mechanical stress and neurogenic inflammation due to the activity of a primary trigger point in a 
muscle that is within close proximity of it (Delgado et al., 2009).  
 
2.3.2.2 Active Trigger Points 
 
An active myofascial trigger point is recognized as eliciting spontaneous pain, referred pain, and 
motor or autonomic symptoms on palpation (Jafri, 2014). These include an impaired range of 
motion, muscle weakness, and loss of coordination. Active myofascial trigger points can cause 
pain at rest and when palpated can refer pain that is similar to the patients presenting pain 
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complaint. Referred pain is an important characteristic of myofascial trigger points because it 
differentiates a trigger point from a tender point (Alvarez & Rockwell, 2002).  
 
2.3.2.3 Latent Trigger Points 
 
Latent trigger points do not cause spontaneous pain like an active trigger point (Alvarez & 
Rockwell, 2002). Latent trigger points will produce pain and possibly a twitch response when 
compressed but do not cause symptoms or referred pain. Latent trigger points may also cause 
a restriction in the patient’s range of motion as well as result in weakness of the affected muscle. 
Latent trigger points may remain dormant for years and then suddenly reactivate with minor 
stretching, overuse or chilling of the muscle harboring them (Clarkson, 2005).  
 
2.3.3 Activation and Perpetuation of Myofascial Trigger Points 
 
The activation of trigger points can be caused by many factors, such as repetitive muscle 
overuse, acute or sustained overload and psychological stress (Delgado et al., 2000). This can 
be postural or structural overuse (Donnelly, 2019). 
 
2.3.4 Pathophysiology of a Myofascial Trigger Point 
 
Two important causes are injury to or overloading of the muscle fibers during intense eccentric 
or concentric contractions of the affected muscle. Muscle trauma, intense muscle contractions 
or repetitive low-intensity muscle overload create a vicious cycle that leads to damage the 
sarcoplasmic reticulum (Gerwin et al, 2004). This causes an increase in the muscle’s calcium 
concentration leading to sustained shortening of the actin and myosin filaments. The calcium 
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pump becomes impaired and there is a local energy crisis as ATP levels are diminished (Simons 
et al. 1999; Gerwin et al, 2004). There is also evidence that some environmental factors can 
cause microtrauma to muscle fibers and can lead to the formation of trigger points; these being 
circumstances such as prolonged poor posture, lack of exercise and physical activity, certain 
vitamin deficiencies, joint disorders and sleep disturbances (Dommerholt & Fernandez-De-Las-
Penas, 2013).  
 
2.3.4.1 Integrated Theory 
 
The energy crisis is the earliest proposed theory of trigger point formation. It stipulates that 
increased demand on a muscle, macrotrauma or recurring microtrauma causes an increase in 
calcium release from the sarcoplasmic reticulum which in turn leads to shortened sarcomeres 
over a long period of time. This prolonged shortening affects the circulation and in turn leads to 
a decrease in oxygen supply circulating through the muscle cells. There is a decrease in the 
amount of ATP produced by the cells because of the decreased oxygen supply, which leads to 
defective relaxation of the muscle contractile unit (Delgado et al., 2000). An accumulation of 
noxious by-products produced by the muscle in normal metabolism occurs and causes pain 
(Jafri, 2014). The pain production is due to sensitization and stimulation of the sensory nerves 
to the area (Simons, 1999). The concept of altered muscle metabolism being the cause of the 
changes occurring at the trigger point site was investigated and concluded to be a valid theory 
by Bengtsson (1986), however a pure ischaemic cause was deemed unlikely and evidence of a 
metabolic abnormality at the trigger point site was shown.  
 
2.3.4.2 Dysfunctional Endplate Hypothesis 
 
The motor nerve to a muscle synapses with the muscle cell at the motor endplate. Therefore, 
the dysfunctional endplate hypothesis is said to possibly co-exist with the integrated theory. A 
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small amount of activity at the motor endplate is not enough to cause muscle contraction. 
However, it can result in action potentials being propagated a small distance along the muscle 
cell membrane. This small amount of propagation may be enough to cause activation of a few 
contractile muscle fibers and be responsible for some degree of muscle shortening (Simons, 
1996). 
 
2.3.5 Diagnosis of a Myofascial Trigger Points 
 
Diagnosis of a myofascial trigger point is done based on a thorough patient history, evaluation 
using palpation of the trigger point, a regional examination of the area to eliminate other possible 
causes of the pain.  
Patients presenting with myofascial trigger points usually present with regional, persistent pain 
resulting in a decreased range of motion of the region in question. The pain is reported to be felt 
more with activity but can also be constant. It will not follow dermatomal or nerve root distribution, 
but rather specific pain referral patterns related to the muscle in question (Alvarez & Rockwell, 
2002). 
Evaluation of the patient will begin by doing a regional examination of the area. When evaluating 
trigger points in the quadratus lumborum muscle one must always consider causes in the lower 
back region and lumbar spine. The trigger point will be felt as a taut band when palpating the 
muscle belly and will reproduce the patient’s symptoms when compressed. The trigger point will 
feel harder than the surrounding muscle and will be hypersensitive to touch.   
The following criteria must be met for a patient to be diagnosed with a myofascial trigger point 
(Travell & Simons, 1999):  
• Previous episodes of rapid onset of pain within the affected muscle, this can be either during 
or after an overload of stress, or a gradual onset of pain with more chronic overloading of the 
muscle that is being affected.  
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• Pain and referral patterns that are characteristic to specific myofascial trigger points in 
individual muscles. 
• Restricted motion and associated weakness of the affected muscle. 
• A palpable, taut band that is present within the individual muscle. 
• Tenderness of the myofascial trigger point due to applied pressure with the examiners finger, 
within the band of taut fibres. 
• The occurrence of a local twitch response of the myofascial trigger point as a result of pressure 
or needling. 
 • Reproduction of the similar type and location of pain experienced by the patient when pressure 
or needling of the myofascial trigger point takes place. 
• Relief or reduction of symptoms caused by the trigger point with therapy carried out on the 
specific muscle. 
 
2.4 Quadratus Lumborum Trigger Point 
 
2.4.1 Location 
 
There are four recognized trigger points in the quadratus lumborum muscle as shown in Figure 
2.3 below; two trigger point locations are superficial and lateral, and two are deep and medial; 
each of the pairs has a cephalad (towards the head) and a caudal (towards the tail) trigger point 
area. The superficial and lateral trigger points refer pain more laterally and anteriorly than the 
deep trigger points. Caudal trigger points tend to refer pain more distally. Trigger points in the 
cephalad superficial location are known to refer pain along the ilia crest and sometimes to the 
adjacent lower quadrant of the abdomen. The pain may extend to the outer upper aspect of the 
groin. The more caudal superficial trigger points may refer pain to the greater trochanter and 
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outer aspect of the upper thigh. The greater trochanter can be so tender that the patient cannot 
tolerate lying on that side. The more cephalad of the deep trigger points refers pain strongly to 
the area of the sacroiliac joint. When these cephalad deep trigger points are active bilaterally, 
they are known to refer pain that extends across the entire upper sacral region. The caudal deep 
trigger points refer pain to the lower gluteal region (Travell & Simons, 2001). 
 
 
 
 
 
 
 
 
 
 
 
2.4.2 Symptoms and Referred Pain of Quadratus Lumborum Trigger Points 
 
Acute and severe onsets of quadratus lumborum myofascial pain syndrome is often debilitating 
and can lead to a patient crawling out of bed on their hands and knees due to this position 
requiring no stabilization of the lumbar spine by the quadratus lumborum muscle.  
Patients report a persistent, deep, aching pain at rest, and specifically when upright without 
external support, positions that increase weight bearing and that requires stabilization of the 
 
Figure 2.3: Quadratus Lumborum Trigger Point Location and Referral (Travel & 
Simons, 2001) 
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lumbar spine. In severe cases, very minimal movement of the lower part of the torso can elicit a 
burst of sharp pain with a knifelike cutting quality, as well as coughing and sneezing. The severity 
of the pain from quadratus lumborum trigger points may be totally immobilizing, and its 
persistence emotionally depressing. The trigger points in the quadratus lumborum restrict 
forward bending and cause the patient to functionally immobilize the lumbar spine due to the 
pain. Patients describe difficulty in turning or leaning to the opposite side and find climbing stairs 
painful. Rolling onto either side from the supine position is painful and difficult and getting out of 
a chair from sitting requires the use of the upper limbs for support (Travell & Simons, 2001).    
 
2.4.3 Treatment of Quadratus Lumborum Trigger Points 
 
Many different modalities have been utilized for the treatment of trigger points, these include the 
spray and stretch technique, manipulative therapy, ultrasonography and injection (Alvarez & 
Rockwell, 2002).  Cryotherapy, thermotherapy and massage are popular methods of treatment 
for trigger points, although they only provide temporary pain relief (Hanten et al, 2000). There 
have been numerous studies that have shown the effectiveness of injection on decreasing trigger 
point pain by utilizing dry needling, saline injection or local anesthetics (Hanten et al, 2000). 
Jaeger and Reeves (1986) found that TP sensitivity measured with a pressure algometer 
decreased following spray and stretch and that this decrease in trigger point sensitivity was 
accompanied by a decrease in visual analogue scale scores for pain intensity.  
 
2.5 Myofascial Dry Needling 
 
2.5.1 Introduction 
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Myofascial trigger point dry needling is an invasive procedure in which an acupuncture needle 
is inserted into the skin and muscle. As the name implies, myofascial trigger point dry needling 
is directed at myofascial trigger points which we have already defined earlier as a hyperirritable 
spot in skeletal muscle that is hypersensitive, causing pain and dysfunction (Dommerholt & 
Fernandez-De-Las-Penas, 2013)  
 
2.5.2 The Physiology of Myofascial Dry Needling 
 
Myofascial dry needling has been shown to decrease pain and muscle tension, improved range 
of motion, muscle strength and coordination (Carnegie, 2013). Pain sensations originate in two 
main types of pain receptors, those being low-threshold nociceptors and high-threshold 
nociceptors. Low-threshold nociceptors are connected to fast conducting nerve fibers called A-
delta fibers. High-threshold nociceptors are connected to slow, unmyelinated nerve fibers called 
C-fibers. Central terminals of these sensory fibers enter the central nervous system (CNS) 
through the dorsal horn of the spinal cord, where they connect with spinal neurons via synaptic 
transmission (Martini & Nath, 2014). Peripheral activation of A-delta and C-fibre nociceptors are 
modulated by several sensitizing agents, such as substance P, bradykinin and histamine. All of 
these can be released following cellular damage. The local release of some of these chemicals 
causes inflammation and vasodilation (Carnegie, 2013).  
In conditions with chronic pain, such as in this study, the balance in pain modulation can be 
disturbed due to impaired pain inhibition and increased pain facilitation. This may lead to central 
sensitization. Central sensitization entails altered sensory processing in the brain, increased 
spontaneous activity of dorsal horn neurons, dysfunctional endogenous analgesia, expansion of 
receptive field sizes and reduction in threshold which augment nociceptive transmission (Nijs, 
2010). Central sensitization results in enhanced nociception (hyperalgesia) and pain elicited by 
normally non-noxious stimuli (Nijs, 2010).  
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Therefore, the effectiveness of dry needling is due to the mechanical disruption of the integrity 
of dysfunctional endplate (Simons, Travell & Simons, 1999). It was suggested by Hsieh et al 
(2000), that the insertion of a needle at the endplate region may lead to increased discharges 
and thereby immediately reduce available acetylcholine stores. This means that there will be 
less spontaneous electrical activity. Another mechanism could be that mechanical needling 
activation around the endplate area causes muscle fibers to discharge and thus elicit a local 
twitch response. A local twitch response causes alterations in the length and tension of the 
muscle fibers and stimulates mechanoreceptors like the A-Beta fibers which synapse on 
interneurons in the dorsal horns of the spinal cord, closing the “pain gate” by inhibiting 
interpretation of the pain signals (Baldry, 2005).  
Sustained contractures of taut muscle bands can cause local ischemia and hypoxia in the centre 
of the myofascial trigger points. Different studies have demonstrated that needling may increase 
muscle blood flow and oxygenation (Baldry, 2005). The insertion of the needle into the trigger 
point causes the release of vasoactive substances, such as substance P and calcitonin. 
Neurophysiologically, there are higher concentrations of substance P and calcitonin in the 
vicinity of active trigger points compared to latent ones or normal muscle tissue (Shah et al., 
2008). In a study by Shah et al (2008), it was noted that once a local twitch response was elicited 
was concentrations of substance P and calcitonin were significantly lowered compared to before.  
 
2.5.3 Adverse Effects of Dry Needling 
 
There are several adverse effects of myofascial dry needling that are noted in patients post 
needling. These include soreness and stiffness, local bruising and minor hemorrhage at the 
needle site, vasovagal sympathetic nervous system responses and pain after needling 
(Kalichman & Volfsons. 2010). There are added danger zones that need to be noted when 
needling certain muscles. The kidneys are near the proximal attachments of the quadratus 
lumborum and need to be taken into consideration when performing dry needling in this area. 
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The diaphragm and the lower lung field can also be considered a danger zone and care needs 
to be taken with direction of the needles inserted.  
Cummings and White (2001), in their systematic review of 23 randomised controlled trials of 
needling therapies (dry needling or injections), stated that direct needling of myofascial trigger 
points seems to be an effective treatment.  
Another study by Mohammed et al (2016), compared trigger point release with trigger point dry 
needling in a randomized controlled trial and found that dry needling is just as effective at pain 
relief and improving function as trigger point release.  
 
2.5.4 The Frequency of Treatments 
 
There is little research on what the optimal frequency, duration, and intensity of dry needling is 
for many neuromusculoskeletal conditions, the vast majority of dry needling randomized 
controlled trials have manually stimulated the needles and left them in situ for between 10 and 
30 minute durations. Travell and Simons (2001) state that a needle must be left inside the trigger 
point for a minimum of 10 minutes or until a twitch response is elicited. Baldry 
(2005) recommended leaving the needle in situ for 30‐60 seconds for “average responders,” or 
up to 2‐3 minutes in “weak responders.”  
 
2.6 Extracorporeal Shockwave Therapy 
 
2.6.1 Introduction 
 
Shockwave therapy is said to be effective in the treatment of myofascial trigger points and 
therefore the alleviation of muscle related low back pain. Extracorporeal Shockwave Therapy 
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(ESWT) was and still is utilized for the treatment of uroliths in patients (McClure & Dorfmüller, 
2004), however, in the early 1990’s the use of shockwave therapy was extended to include 
musculoskeletal disorders such as plantar fasciitis, lateral epicondylitis and calcific rotator cuff 
tendinitis (Raveendran, 2015).  
Shockwave therapy is a non-invasive and relatively simple treatment method that has recently 
been effective in the treatment of pain symptoms due to myofascial trigger points (Bauermeister, 
2005). It has shown to be effective in promoting angiogenesis, increasing profusion, enhancing 
cell differentiation, decreasing inflammation and alleviating pain by altering pain signals (Shah, 
2008).   
Shockwave therapy involves the carrying of energy through a medium by the propagation of 
shock waves. Extracorporeal shockwaves are generated outside the body at high pressure and 
frequency. There are two possible forms of shockwave therapy, these being: focused shockwave 
therapy, which allows for deep penetration and affects a small, precise area and radial 
shockwave therapy, which targets a more superficial and larger area (Gleitz & Horning, 2012).  
 
2.6.2 Mechanism of Treatment  
 
ESWT results in an immediate release of electrical, chemical and/or mechanical energy into a 
body of matter. Shockwaves that are used and applied in the medical field are considered 
transient pressure disturbances, which are rapidly propagated through a medium in a three-
dimensional space with a pressure change occurring (Ogden, Tóth-Kischkat & Schultheiss, 
2001).   
Characteristics of a shockwave include a rapid rise time of pressure, which occurs in a few 
nanoseconds with a peak pressure being reached. Post the rapid pressure increase there is a 
phase in which the pressure decreases, allowing for the pressure to normalize. However, a 
phase of negative pressure then develops, this is a hallmark of shockwave, which may result in 
cavitational effects due to the tissue being under pressure. Microheterogeneities within liquids 
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such as solid particles, free gas or a combination of the two mediums serve as cavitation nuclei 
and hence may result in cavitation. As the tension portion of the shockwave propagates through 
the tissue, it comes into contact with gas nuclei, which then develop to form a cavitation cluster. 
The size of the nuclei initially, boundary conditions of the nuclei and characteristics of the tension 
portion of the shockwave, determine the shape and dynamics of the cluster (Besov & 
Kendrinkskii, 1993).   
A parameter that used to describe shockwaves is the Energy Flux Density, which is the amount 
of energy in one square millimetre of the focal point field, i.e. at a small focal point when the 
same amount of energy is deposited there will be a resultant higher energy density when 
compared to the energy density of a larger focal point. Energy Flux Density that is applied over 
the entire shockwave field is the total energy, which during a treatment session is the total energy 
per pulse multiplied by the number of pulses used (Wess, Ueberle & Duhrssen, 1997).   
Upon placing the wave generator to the skin and by an acoustic coupling medium the wave can 
be propagated through the skin. Shockwaves are able to propagate in tissues that have similar 
acoustic impedance without incurring any loss in energy. The acoustic impedance of structures 
such as muscle, fat and water are similar but there is a difference that exists between air, lung 
tissue and bone. If there are large differences between the acoustic impedance of structures, 
the energy loss due to reflection or absorption will be much greater than if the acoustic 
impedance differences were of a small amount (McClure & Dorfmüller, 2004).  
 
2.6.3 The Physiological Effects 
 
Analgesic effects may result from Radial Shockwave therapy (RSWT) mainly from a reduction 
in substance P within the target tissue as well as causing a reduced synthesis of substance P in 
the dorsal root ganglia cells, with selective destruction of unmyelinated nerve fibres within the 
target zone of the radial shockwaves (Schmitz, 2010). Shockwave therapy has been shown to 
influence tissue regeneration and remodelling by impacting macrophages and inflammation in 
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the affected area (Sukubo et al., 2015). It was found that classic macrophages (M1) are prevalent 
during the initial phase of inflammation. M1 macrophages release proinflammatory cytokines 
and proteinase which are the cause of pain and tissue damage. Shockwave therapy inhibited 
these classic macrophages. Shockwave therapy was also described to have a synergistic effect 
on alternative macrophages (M2). M2 macrophages produce anti-inflammatory cytokines and 
interleukins that promote tissue healing and reduce pain (Sukubo et al., 2015).  
The suggested treatment protocol for myofascial trigger points is related to the area that is to be 
treated, its surface area as well as the depth of the muscle in question. The treatment range 
should always be kept at a medium energy and pulse level.  
 
2.6.4 The Frequency of Treatments 
 
The effects elicited by shock waves are seemingly dose dependent, as there appears to be no 
effect with a low pulse rate and at low energy. However, there is a clinical effect with midrange 
levels and a destructive effect with high pulse and energy numbers (McClure & Dorfmüller, 
2004).  
Gerdesmeyer & Weil (2007) performed three studies on chronic pain that was considered 
therapy-resistant and which was caused by active myofascial trigger points. In these studies 
neck, shoulder and lower back pain were analysed. A minimum of 6 treatments was necessary 
in order to establish the effect of radial shockwave therapy on symptoms of myofascial trigger 
point syndrome. It was established that pre- and post-treatment assessment using the visual 
analogue scale, yielded a 56.6%, 68% and a 62.15% subjective improvement in neck, shoulder 
and lower back pain respectively.  
In a study conducted by Ji, Kim & Han (2012) where myofascial trigger points of the quadratus 
lumborum muscle were treated with shockwave therapy, 1000 pulses were applied to the 
affected muscle for a total of 4 treatment sessions. There were 2 sessions per week, for a total 
of 2 weeks, with no other use of treatment being applied to the quadratus lumborum muscle.  
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Another study conducted by Müller-Ehrenberg & Licht (2005) saw patients receive 800-1000 
pulses at a frequency of 6 Hz, with an average of 7.3 therapeutic sessions needed, once or twice 
a week. Gleitz & Horing (2012) also carried out a study that recommended applying 300 to 600 
pulses at a frequency of 4 Hz to skeletal muscles. A total of 4 to 10 sessions were necessary for 
the resolution of myofascial pain, with treatments being carried out once or twice a week.  
 
2.6.5 Complications Associated with Shockwave Therapy 
 
Certain contra-indications exist for the use of shockwave therapy and they include: the presence 
of malignant tumours, conducting shockwave therapy over pulmonary tissue as well as 
epiphyseal plates, large vessels and superficial nerves (Gleitz & Horing, 2012). Other 
contraindications that are listed include the use of shockwave therapy: over potential vascular 
thrombi, traditional wound management or in place of stabilization of fractures (Appendix E).  
There are complications that may occur with the use of Shockwave therapy, complications such 
as tissue and organ bleeding, neural damage or a possible pneumothorax. Taking in to 
consideration the acoustic impedance of lung tissue, much of which will be reflected by the lung 
tissue. The shockwave changes phase and results in a strong tensile wave, which may cause 
cavitational effects and lead to disruptive potentials and ultimately damaging the pleural surfaces 
(McClure & Dorfmüller, 2004). However, serious complications rarely occur during shockwave 
therapy, especially if the technique of application is correct and the appropriate settings for the 
target tissue are used (Gleitz & Horing, 2012).  
Less serious complications may occur with the use of shockwave therapy especially when it is 
applied to the lumbar spine region. During the first 1 to 2 days post treatment, local pain may 
worsen temporarily (Gleitz & Horing, 2012).  
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2.7 The Chiropractic Manipulation 
2.7.1 Introduction 
 
Chiropractic techniques such as manipulation and soft tissue therapy are often used by 
Chiropractors in the treatment of these trigger points to relieve muscle spasm and to decrease 
pain (Cramer, Ross, Pocius, Cantu, Laptook, Fergus, Gregerson, Selby & Raju, 2011).  
Chiropractic spinal manipulation is a manual treatment utilizing controlled force, leverage, 
amplitude and velocity. It is applied by utilising parts of the vertebra and other adjacent structures 
as levers to correct spinal restrictions of movement (Vizniak, 2010). Chiropractic spinal 
manipulation is a shown technique that is more effective than a wide variety of treatments for 
neck and associated muscle pain (Haas, Bronfort & Evans, 2006). The effects of Chiropractic 
manipulation have been shown to include: increased range of motion, relief of musculoskeletal 
pain, increased pain tolerance and increased muscle strength (Meeker & Haldeman, 2002).  
 
2.7.5 Existing Studies on Manipulation Effects on Myofascial Trigger Points 
 
A study conducted by Gross, Miller, D’Sylva, Burnie, Goldsmith, Graham, Haines, Brønfort & 
Hoving (2010) illustrated the following treatment protocol: a group of volunteers underwent 
Chiropractic manipulation over a three to four week period, with a total of six treatments being 
carried out. This study was carried out to identify the effect of Chiropractic manipulation to the 
cervical spine as well as thoracic spine to assess the effects on patient satisfaction, pain and 
function. Treatment times were standardized to 15 – 20 minutes each, with most patients 
responding positively to the six-treatment protocol.  
Cassidy, Lopes & Yonh-Hing (1992) conducted a trial in which one hundred patients with 
unilateral neck pain with associated referral to the trapezius muscle were either manipulated or 
underwent joint mobilisation. It was revealed that immediately post Chiropractic manipulation, 
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85 percent of the manipulation group noticed pain improvement. While 69 percent of the patients 
that received a mobilisation technique noticed a decrease in pain. The pain reduction was 1.5 
times more in the group that received manipulations compared to the group that received a 
mobilisation technique.   
Vernon et al (2009) conducted a study to review the most commonly used protocols by 
chiropractors in treating myofascial trigger points and myofascial pain syndrome.  It was shown 
that there was moderately strong evidence to support manipulation for immediate pain relief of 
myofascial trigger points. 
Blanco et al (2007) performed a study that analyzed the immediate effects on pressure pain 
threshold in latent myofascial trigger points in the upper trapezius muscle of a single cervical 
spine manipulation directed at the C3 through C4 level. The results suggested that a cervical 
spine manipulation directed at the C3 through C4 segment induced changes in pressure pain 
sensitivity in latent myofascial trigger points in the upper trapezius muscle.  
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CHAPTER 3- METHODOLOGY 
 
3.1 Introduction 
 
This study was designed to compare the effects of two different treatment protocols on chronic 
mechanical low back pain with associated active quadratus lumborum trigger points. This 
chapter outlines the research design and methods that were carried out in this study. It includes 
descriptions of participant recruitment, sample size and selection, inclusion and exclusion 
criteria, treatment approach, how data was maintained and analyzed, ethical considerations as 
well as options to improve reliability and validity. 
 
3.2 Study Design 
 
This was a comparative study utilizing convenient sampling and random group allocation. 
 
3.2.1 Participant recruitment 
 
Participants were recruited by word of mouth and using advertisements (Appendix A), which 
were placed around the University of Johannesburg, Doornfontein Campus. The research study 
took place at the Chiropractic Day Clinic. Participants were assessed as to the inclusion criteria. 
Participants that met the inclusion criteria were then considered to take part in the study. 
 
3.2.2 Sample selection and size 
 
A selection of 30 male and female participants between the ages of 18 and 50 years were 
recruited for this study. The information form (Appendix B) was read by the participants and the 
consent form (Appendix C) was signed by the participants, both which are specific to this study.  
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3.2.3 Inclusion criteria 
 
To be included in the study, potential participants must comply with the following:  
➢ Present with associated active trigger points of the quadratus lumborum muscles, that 
may be on either the left or right side or presenting bilaterally.  
• These were identified by flat palpation, palpating for a taut, palpable band in the 
quadratus lumborum muscle that elicited tenderness in the muscle.  
• Referred pain, characteristic of an active trigger point, can be projected 
posteriorly to the region of the sacroiliac joint and the inferior buttock, anteriorly 
along the iliac crest to the adjacent lower quadrant of the abdomen and the 
groin, as well as to the greater trochanter (Dommerholt et al, 2006). 
➢ Present with mechanical lower back pain which is defined by Bergmann and Peterson 
(2011) as low back pain due to  dysfunction of spinal motion segments.  
➢ The participants should have the following criteria associated with joint dysfunction in 
one or more joints in the lumbar spine (Bergmann & Peterson, 2011): 
• Decreased range of motion of the facet joint as determined by the examiner 
using motion palpation. 
• Altered end feel on motion palpation. 
• Pain or tenderness felt by the patient at the restricted motion segments 
 
3.2.4 Exclusion criteria 
 
Potential patients were excluded if they presented with the following: 
• Contra-indications to chiropractic spinal manipulative therapy of the lumbar spine as 
determined by history taking (Appendix P), physical examination (Appendix Q) and 
lumbar spine regional examination (Appendix R). 
• Contra-indications to shockwave therapy (Appendix E) and/or myofascial dry needling 
(Appendix F). 
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• Participants who had received any form of treatment to the lumbar spine or active 
quadratus lumborum trigger points in the past month, prior to the study, including manual 
therapy such as massage, physiotherapy and medications such as analgesics, muscle 
relaxants or non-steroidal anti-inflammatory drugs. 
• Participants could not make use of any post-treatment home therapies for the duration 
of the study. 
 
3.2.5 Random group allocation  
  
Upon meeting the inclusion criteria, participants were allocated into one of two groups by random 
draw. This consisted of drawing a piece of paper from a box that either said group 1 or group 2 
on it. Each group consisted of 15 participants. Group 1 received chiropractic manipulation to the 
lumbar spine and the use of myofascial dry needling to the active trigger points in the quadratus 
lumborum muscle. Group 2 received chiropractic manipulative therapy to their lumbar spine and 
the use of shockwave therapy to the active trigger points of the quadratus lumborum muscle. 
 
3.3 Treatment Approach 
  
3.3.1 First and Follow-up consultations  
 
The first consultation included the following: 
• An explanation of how the study will be performed and what will be required from the 
participant during the study. 
• The information form (Appendix B) and consent form (Appendix C) signing. 
• A screening for inclusion and exclusion criteria was done 
• Completion of a thorough case history (Appendix P), physical examination (Appendix 
Q) and lumbar spine regional (Appendix R). 
29 
  
• Before treatment, participants were assessed for subjective data using the VAS 
(Appendix L) as well as for objective data using a pressure algometer (Appendix J) and 
LROM device (Appendix K). 
• All information gathered was written in the personal evaluation form (Appendix S). 
• At the first and follow-up consultations, Group 1 received the following:  
o A combination of chiropractic manipulative therapy (Appendix G), in the form of 
Diversified Chiropractic technique, to restricted lumbar spine segments, as well 
as myofascial dry needling (Appendix I) to the active trigger points in their 
quadratus lumborum muscle.  
o Treatment took 20 minutes to complete as the quadratus lumborum muscle was 
needled in the side lying position and the needles were left in for 10 minutes per 
side (Travell & Simons, 2001).  
o The needles used were acupuncture needles of the dimensions 0.25mm in 
diameter and 75mm in length. Alcohol swabs were used to clean and sanitize 
the area being needled.  
o  Treatment occurred twice a week for 3 weeks for a total of 6 treatments.  
• At the first and follow-up consultations, Group 2 received the following: 
o A combination of chiropractic manipulative therapy (Appendix G), in the form of 
Diversified Chiropractic technique, to restricted lumbar spine segments, as well 
as Shockwave therapy (Appendix H) to the active trigger points of the quadratus 
lumborum muscle.  
o The EMS Swiss Dolorclast Smart 20 shockwave unit was utilized in this study. 
o The settings used were 12Hz at 2.5 bar for 500 impulses per trigger point 
(Bauermeister, 2003).  
o Treatment took approximately 5 minutes to complete. Treatment occurred twice 
a week for 3 weeks for a total of 6 treatments. 
• Measurements were taken during visits 1, 4 and 7.  
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• On the seventh consultation, only data collection was done, there was no treatment.) 
 
3.3.2 Trigger Point Examination 
 
To properly examine the quadratus lumborum muscles, the positioning of the patient must be 
correct. The patient must be side lying on a flat table, with the uppermost arm raised over their 
head at the top of the table. This elevates the rib cage and distracts it from the iliac crest. The 
uppermost knee must be dropped backwards behind the lower leg to distract that side of the 
pelvis distally and lower the iliac crest. The patient’s ankle of the lower leg can be placed under 
the uppermost leg as it is dropped backwards to provide additional support if the patient has a 
very tight quadratus lumborum. Examination for quadratus lumborum trigger points begins by 
palpating for the lateral edge of the paraspinal mass, the 12th rib, and the crest of the ilium. 
Examination of the trigger points will be done by flat palpation using the examiners index and 
middle finger. Manual palpation in order to reproduce local or referred pain was proved to be the 
most reliable diagnostic method for detection of myofascial trigger points (Hsieh et al., 2000).  
Three regions in this muscle are examined for trigger points. The first region is deep and, in the 
angle, where the crest of the ilium and paraspinal muscle mass meet, near the level of the L4 
transverse process. This is the thickest part of the quadratus lumborum muscle. The muscle is 
examined for tenderness by applying deep pressure superior to the crest of the ilium and anterior 
to the paraspinal muscles. The pressure is directed toward the tips of lumbar transverse 
processes. Here, pressure is applied primarily to the diagonal lower iliolumbar fibers of the 
 
 
Figure 3.1: Swiss Dolorclast Smart 20 Shockwave Machine Utilised in Study (EMS.com) 
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quadratus lumborum. These fibers are too deep for one to feel their taut bands or to elicit local 
twitch responses manually.  
The second region examined for quadratus lumborum trigger points extends along the inner iliac 
crest where many of the iliocostal fibers attach. This is done as a flat palpation and one should 
be able to locate taut bands with tender spots in this area.  
The third region lies in the angle where the paraspinal mass and the 12th rib meet. Deep fingertip 
pressure is applied in the direction of the L1/L2 transverse processes transmits pressure to the 
cephalad attachment of the iliocostal and lumbocostal fibers of the quadratus lumborum. With 
sustained pressure on any one of these trigger points, is it possible to elicit its pattern of referred 
pain (Travell & Simons, 2001). 
 
 
3.3.3 Method of a Lumbar Spine Manipulation  
 
Side-posture lumbar manipulations are the most frequently applied manipulations for lumbar 
spinal dysfunction (Bergmann, 2011). This was the method of lumbar manipulation in this study. 
The level of segmental tension is regulated by patient positioning and the degree of induced 
lumbar flexion, lateral flexion, and the amount of counter-rotation induced between the shoulders 
and pelvis. The patient will be put into the lateral recumbent position on the chiropractic table, 
their uppermost leg will be flexed at the knee while the lower leg will remain straight on the table. 
The patient’s shoulders will be turned as parallel to the table as possible while the pelvis remains 
square to the table. A pillow was placed underneath the patients head for comfort (Bergmann, 
2011).  
Prior to the positioning, the patient was assessed for restricted motion in the lumbar spine 
segments. The doctor stands square to the patient, at the level of the lumbar region, with the 
cephalad hand stabilizing the upper body by contacting the crossed arms of the patient and the 
caudad hand placing a pisiform contact on the paraspinal area, the region of the mammillary 
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process of the lumbar vertebrae affected. While the cephalad hand stabilizes the upper body in 
place, the outer thigh of the doctor’s inner most leg is placed in a thigh to thigh contact with the 
patients flexed upper leg. The patient’s pelvis is rotated towards the doctor using the doctors 
caudad hand and leg contact. A thrust is delivered to the lumbar motion segment using a body 
drop and a pectoral thrust of the legs and arms simultaneously. This is only done once optimal 
joint tension is achieved at the desired segment (Bergmann, 2011).  
 
Figure 3.2: Lumbar Spine Manipulation Technique (Bergman, 2011) 
 
3.4 Subjective Data  
 
3.4.1 Visual Analogue Scale  
 
The VAS was used to measure the level of pain according to each participant. The VAS 
(Appendix L) consists of a 100mm uninterrupted line drawn on the page. The number 0 is drawn 
at the beginning of the line, indicating “no pain”, with the number 10 drawn at the end of the line, 
indicating the “worst pain ever experienced” (Farrar, Pritchett, Robinson & Chappell. 2010).  
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The VAS was placed in front of the patient printed on a piece of paper. They were instructed to 
rate their pain on a scale of 0 to 10, with 0 being no pain experienced and 10 being their worst 
pain imaginable. The patient then indicated their rating and completed the scale on the paper. 
This was measured on the 1st, 4th and 7th consultations.  
 
The VAS is considered reliable and valid by Breivik, Borchgrevink, Allen, Rosseland, 
Romundstad, Kvarstein & Stubhaug (2008). This is used to allocate a subjective measurement 
of pain according to the patient. The scale can be compared to the objective data taken by the 
lumbar range of motion device and pressure algometer to give an estimate of patient pain 
tolerance and physiological pain levels.  
 
 
3.5. Objective Data  
 
3.5.1 Lumbar Range of Motion Device 
 
Objective data included measurements of the participant’s lumbar range of motion through the 
LROM device. Lumbar range of motion is measured by physical therapists to determine the 
degree of lumbar joint dysfunction in patients. Radiographic techniques have been considered 
the standard for quantifying spinal mobility however measurements made with devices such as 
the lumbar range of motion device are relatively inexpensive, involve little clinical time, and pose 
little health risk to the patient (Youdas et al. 1999).  
 
The following procedure was followed from the LROM (Back Range of Motion) device user 
manual issued with the device upon purchase by the University of Johannesburg: The LROM 
unit consisted of 2 plastic frames. The frame used to measure lumbar spine sagittal plane motion 
consisted of an L-shaped slide arm that was free to move within a notch of the frame during 
sagittal plane measurements. The frame was secured to the subject by two velcro straps. The 
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second frame was designed to obtain measurements of both frontal and transverse plane 
motions. This frame had 2 measurement devices attached to it. One is a gravity goniometer with 
a freely moving pointer that moves about an axis at the center of a protractor scale, and the 
other is a compass. The two are arranged orthogonal to each other. During trunk rotation 
measurements, the unit requires a magnetic yoke mounted to the pelvis (Madson, et al. 1999). 
The LROM device has been proven to be a valid device in the measuring of lumbar spine range 
of motion (Clarkson, 2005). Measurements were taken on the first, fourth and seventh 
consultations and inserted into a table format (Appendix K).  
 
The following process was undertaken when using the LROM device: the spinous processes of 
T12 and S1 were located by palpation and marked with a pen. The spinous process of the T12 
vertebra was estimated by identifying the inferior margins of the 12th ribs bilaterally. The spinous 
process of the S1 vertebra was estimated by counting down the spinous processes until S1 was 
reached. The bony landmarks were relocated before every measurement.  
The back range of motion frame was arranged parallel to and along a line over the patients T12 
spinous process down to their S1 spinous process. Degrees of lateral flexion were obtained by 
reading the needle of the gravity goniometer, oriented in the frontal plane. The technique for 
measuring the lumbar spine motions with the LROM unit was performed according to the 
manufacturer's recommendations.  
 
Flexion and Extension 
 
During trunk flexion and extension measurements, the patient was instructed to stand upright 
with feet shoulder width apart and weight evenly distributed across both legs. The LROM unit 
was mounted so that the center of the frame was positioned over the S1 interspace. The patient 
was asked to grasp the ends of each velcro strap and secure them near the pubic symphysis. 
The removable L-shaped slide arm for the flexion and extension unit was placed in the slot of 
the frame, and the short arm tip was placed on the T12 spinous process. The starting position 
on the upper scale of the frame mounted to the sacrum was recorded. The tip of the short side 
of the slide arm unit was kept in constant contact with the subject's T12 spinous process. The 
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following instructions were given to the patient: "Bend forward as far as you can, trying to reach 
your fingertips to the floor. Do not bend farther than is comfortable, and do not cause any back 
pain." The initial flexion reading was subtracted from the full flexion reading to obtain full trunk 
flexion. The patient was then told to return to the starting position. 
 
 Then the initial reading on the upper scale was retaken as the patient stood erect and relaxed. 
The patient was then instructed to do the following: "Bend backward as far as you can, keeping 
your hands alongside the back of your thighs. Do not bend farther than is comfortable, and do 
not cause back pain.". The difference between the initial erect measurement and the position of 
full extension was recorded as trunk extension. Once again, the patient was asked to return to 
the starting position. 
 
Lateral Flexion 
 
During lateral flexion measurements, the patient was asked to stand parallel to a wall to eliminate 
any forward trunk flexion. The examiner placed the LROM unit parallel to and along a line over 
the T12 spinous process. The lower ribs of the were grasped by the examiner's fingers to keep 
the LROM unit in place. Before measuring lateral flexion, the inclinometer must be pointing to 
zero as this is the starting position. When the patient flexed laterally, the LROM unit became a 
part of the patient's truncal movement. Instructions were given to the subject: "Slide your right 
hand down the side of your right thigh and try to reach for your knee. Do not bend farther than 
is comfortable, and do not cause back pain.". The reading was recorded as the end point of 
lateral flexion. The same directions were given for left lateral flexion measurements except to 
the opposite side.  
 
Rotation 
 
During rotation measurements, the magnetic yoke was placed around the subject's pelvis at the 
level of the iliac crests. The magnetic yoke was held in place by two Velcro straps that attached 
to a Velcro belt strapped around the patient’s abdomen. The subject was asked to sit on a stool 
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facing west so that the end of the magnet with north polarity was aligned in the correct direction. 
The examiner placed the LROM unit parallel to the ground and along a line over the T12 spinous 
process. The lower ribs of the subject were grasped by the examiner's fingers to keep the LROM 
unit in place. During axial rotation of the spine, the LROM unit became a part of the subject's 
truncal movement. The rotation compass must be adjusted to read “0” before rotation occurs. 
Each subject was told to place hands across chest and then instructed, "Twist your trunk to the 
right as far as you can go. Do not twist farther than is comfortable, and do not cause back pain.". 
The same directions were given for left rotation measurements.  
 
 
 
 
 
 
 
 
 
 
 
 
3.5.2 Pressure Algometer 
 
Minimum pressure threshold of the participant pain was measured using a pressure threshold 
algometer. This can quantify the tenderness of the trigger point. The reliability and validity of the 
pressure algometer was researched and confirmed by Kinser, Sands and Stone (2009). Each 
participants readings were inserted into a table format (Appendix J) 
 
 
Figure 3.3: Extension and Lateral Flexion Using the BROM Device (Madson et 
al.1999) 
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The algometer consists of a force gauge fitted with a rubber disc with a surface area of kg/cm2. 
Pressure will be applied to a specific area of the quadratus lumborum muscle through the rubber 
disc. It was applied to the area of the palpated active trigger point or the area of maximal 
tenderness.  Measurements were taken on the first, fourth and seventh consultations. The gauge 
of the algometer had a range of 0 – 10 kilograms and was calibrated in kg/cm2. The algometer 
itself consists of a body and gauge attached to a metal rod with a rubber disc at the end. The 
pressure exerted on the rubber disc and rod moved the indicator to a figure on the gauge, which 
was recorded by the researcher.  
 
The following procedure was followed to ascertain the pain pressure threshold readings of each 
participant: the procedure of measuring was explained to each participant. With the participant 
in a side lying position, the researcher palpated the quadratus lumborum muscle for the most 
active myofascial trigger point. The rubber disc at the end of the metal rod was placed onto this 
myofascial trigger point and pressure was applied in kg/cm per second. When a level of 
tenderness or discomfort was produced in the muscle the participant verbally communicated 
such. An average of three readings were taken and recorded in table format (Appendix J) on the 
first, fourth and seventh consultations (Youdas, Suman, Madson. 1999).  
 
 
 
 
 
Figure 3.4: Wagener Pressure Algometer Use in This Study (Potter & McCarthy, 
2006) 
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3.6 Ethical Considerations 
 
All participants who wished to partake in this study were requested to read the information form 
(Appendix B) and sign the consent form (Appendix C) specific to this study. The information and 
consent forms outlined the names of the researcher, purpose of the study and benefits of 
partaking in the study, participant assessment and treatment procedure. Any risks, benefits and 
discomforts pertaining to the treatments involved were also be explained and that the 
participant’s safety was ensured (prevention of harm). The information letter and consent form 
also explained that the participant’s privacy will be protected as only the doctor, participant and 
clinician were in the treatment room and that confidentiality was ensured as the participant 
information will be converted into data and therefore cannot be traced back to the individual. The 
data was kept on a password protected computer that will only ever be in the possession of the 
researcher. The form also stated that standard doctor/patient confidentiality was adhered to 
always when compiling the research dissertation. The participants were informed that their 
participation is on a voluntary basis and that they are free to withdraw from the study at any 
stage. Should the participant have any further questions, these will be explained by the 
researcher; whose contact details will be made available. The participants were then required to 
sign the consent form, signifying that they understand all that is required of them for this study. 
Results of the study will be made available on request. 
With regards to this study, the following risks and discomforts that may occur are slight pain or 
stiffness due to the lumbar spine manipulations. However, this is a normal response to the 
treatment and is generally temporary. With regards the use of both shockwave therapy and 
myofascial dry needling, the participant may experience the following: mild discomfort during the 
consultation and after treatment, stiffness and tenderness post treatment or the following day, 
mild bruising may present several days after treatment. The benefits may include relief of back 
pain and increased mobility and range of motion.  If the patient wishes for further treatment post-
trial, I will treat them within our clinic at standard clinic prices.  
  
Participants were referred when necessary to the relevant healthcare practitioner.  
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This dissertation was submitted via anti-plagiarism software and the Turnitin report found it to 
be 13% (Appendix N). The research was approved by the Faculty of Health Sciences Higher 
Degrees and Research Ethics Committee (Appendix M). A research number was assigned for 
the research trials to be carried out. The clinical trial was registered with the Pan African Clinical 
Trials Registry. 
 
3.7 Data Analysis  
 
The researcher collected subjective and objective data during the study period. The data was 
analyzed with the assistance of statisticians at STATKON (located at the University of 
Johannesburg Kingsway Campus). The statistician used frequencies and descriptives to 
interpret the overall data as well as cross tabulation between groups and genders, using Fisher’s 
exact test. The Shapiro-Wilk test was used to determine normality per group. Inter-group 
analysis (comparison between groups) was performed using the Independent Samples T-test 
for normality and the Mann-Whitney test if there was a difference found between groups, to 
establish where the difference occurred. Intra-group analysis (comparison within the groups over 
time) was performed using the Repeated Measures ANOVA if there was a normality. In the case 
that there was not a normality then the Friedman test was performed. If there was a difference 
over time, a post-hoc test was carried out, to establish specifically where the differences 
occurred, the Wilcoxon Signed Ranks test was used to do this. 
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CHAPTER 4- RESULTS 
 
4.1 Introduction 
 
This chapter serves to display the data collected during the clinical trial performed for this study. 
The data represented below was produced over seven visits at the UJ Chiropractic Clinic. Two 
groups represented the pairing of either myofascial dry needling or shockwave therapy, to the 
quadratus lumborum muscle, with a chiropractic manipulation of the lumbar spine to produce an 
effect on chronic mechanical low back pain. The results from all three groups were quantified 
using the Visual Analogue Scale (VAS) for pain, Pain Pressure Algometer (PPA) and the Back 
Range of Motion (LROM) device. Thirty participants were recruited with 15 participants in each 
group. This is a small sample size and therefore is not representative of the entire population. 
The p-values produced were considered significant at less than or equal to 0.05 (p ≤ 0.05). 
The data analysis included: 
• Demographic data regarding age and gender distribution  
• Subjective data represented by the VAS 
• Objective data using the PPA and the LROM device 
 
4.2 Tests for Normality 
 
Tests for normality are used to determine whether parametric or non-parametric tests should be 
used to further analyse the data collected. If the outcome of the test shows normality within the 
sample, parametric tests are used. If no normality is shown, non-parametric tests are employed 
for data analysis. The Shapiro-Wilk test was used to test for normality throughout the study due 
to its small sample size of 30 participants. No normality was reported for data produced 
throughout the clinical trial. Therefore, non-parametric tests were employed for both intragroup 
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and intergroup analysis. For intragroup analysis, the Friedman test and NPar tests were used. 
For intergroup analysis, the studies used were NPar tests and Mann-Whitney tests. The 
Wilcoxon Signed Rank test, NPar test and the Bonferroni Adjustment/Correction was employed 
for Post-hoc testing. The Bonferroni Adjustment tested the smallest p-value of each variable 
against a significance level of 0.05 / 2 = 0.025; and the largest p-value of each variable against 
a significance level of 0.05 / 1 = 0.0.   
 
 
4.3 Analysis of demographic data 
 
Table 4.1: Age Analysis 
Characteristics 
Group 1 
(n = 15) 
Group 2 
(n = 15) 
Age (SD) 23.33 (1.975) 23.66 (0.728) 
Age min-max 18-50 18-28 
Age median 
(years) 
22.00 24.00 
 
 
Table 4.2: Gender Analysis 
 
Gender distribution: 
Male 4 (26.4%)  9 (60%) 
Female 11 (73.3%) 6 (40%) 
Total 15 15 
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As shown in Table 4.1, the overall age of participants ranged between 18 and 50 years old. The 
sample consisted of a total of 30 people. There were 13 males and 17 females participating, as 
shown in Table 4.2 above.  
In group 1 the youngest participant was 18 years old and the oldest participant was 50 years 
old. The mean age was 23.33 (SD ± 1.975) years. The median age was 22.00 years. There was 
a total of 15 participants in group 1, 4 of which were male and 11 were female. There was a 
gender distribution of 26.4% male and 73.3% female. 
In group 2 the youngest participant was 18 years old and the oldest participant was 28 years 
old. The mean age was 23.67 (SD ± 0.728) years. The median age was 24.00 years. There was 
a total of 15 participants in group 2, 9 of which were male and 6 were female. There was a 
gender distribution of 60% males and 40% females. 
 
4.4 Analysis of Subjective Data 
 
4.4.1 Visual Analogue Scale 
 
The visual analogue scale (VAS) was used as a subjective measurement of pain in this study. 
Table 4.3 below shows the mean scores of each group for visits 1, 4 and 7, the standard 
deviations, inter group and intra group analysis as well as the statistical significance of the data 
demonstrated using the p-value.  
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Table 4.3: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for VAS; 
Differences between groups and Differences within groups; Statistical significance. 
Key: Group 1= Dry Needling + Manipulation; Group 2= Shockwave + Manipulation 
 
As per Table 4.3, the following is true regarding the data of the VAS analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean VAS produced at visit 1 was 6.8 (SD ± 0.243). At visit 4, the mean 
was 3.600 (SD ± 0.306). At visit 7, the mean was 1.467 (SD ± 0.413). Therefore, on statistical 
analysis a p-value of 0.000 was calculated which was statistically significant (p ≤ 0.05).  
Visual Analogue Scale (0 → 10) 
 Visit 1 Visit 4 Visit 7 
Difference 
within 
groups 
Statistical 
significance 
Group 1 
n= 15 
6.8 ± 
0.243 
3.600 ± 
0.306 
1.467 ± 
0.413 
p = 0.000 Significant 
Group 2 
n= 15 
7.133 ± 
0.256 
4.200 ± 
0.405 
1.733 ± 
0.371 
p = 0.000 Significant 
Difference 
between 
groups 
p = 0.349 p = 0.329 p = 0.564   
Statistical 
Significance 
Not 
significant 
Not 
significant 
Not 
significant 
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For group 2, the mean VAS produced at visit 1 was 7.133 (SD ± 0.256). At visit 4, the mean was 
4.200 (SD ± 0.405). At visit 7, the mean was 1.733 (SD ± 0.371). Therefore, on statistical 
analysis a p-value of 0.000 was calculated which was statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the VAS between both groups for visit 1, 4 and 7. 
The difference between groups at visit 1 was 0.085 and was not statistically significant (p > 0.05). 
The difference between groups at visit 4 was 0.618 and was not statistically significant (p > 0.05). 
The difference between groups at visit 7 was 0.394 and was not statistically significant (p > 0.05).  
 
4.5 Analysis of Objective Data  
 
The objective data in this study was represented by the pain pressure algometer (Table 4.4), 
and the back range of motion device which is further divided into flexion (Table 4.5), extension 
(Table 4.6), right rotation (Table 4.7), left rotation (Table 4.8), right lateral flexion (Table 4.9) and 
left lateral flexion (Table 4.10).  
 
4.5.1 Pain Pressure Algometer 
 
Table 4.4: Group means and Standard Deviations of Visit 1, 4 and 7 for the pain pressure 
algometer; Differences between groups and differences within groups; Statistical 
significance. 
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As per Table 4.4, the following is true regarding the data from the pain pressure algometer 
analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean PPA produced at visit 1 was 2.43 kg/cm2 (SD ± 0.274). At visit 4, 
the mean was 3.19 kg/cm2 (SD ± 0.339). At visit 7, the mean was 4.13 kg/cm2 (SD ± 0.278). 
Therefore, on statistical analysis a p-value of 0.000 was calculated which was statistically 
significant (p ≤ 0.05).  
For group 2, the mean PPA produced at visit 1 was 2.97 kg/cm2 (SD ± 0.258). At visit 4, the 
mean was 3.19 kg/cm2 (SD ± 0.250). At visit 7, the mean was 4.37 kg/cm2 (SD ± 0253). 
Pain Pressure Algometer (kg/cm2) 
 Visit 1 Visit 4 Visit 7 
Difference 
within 
groups 
Statistical 
significance 
Group 1 
n=15 
2.43 ± 
0.274 
3.19 ± 
0.339 
4.13 ± 
0.278 
p = 0.000 Significant 
Group 2 
n=15 
2.97 ± 
0.258 
3.19 ± 
0.250 
4.37 ± 
0.253 
p = 0.000 Significant 
Difference 
between groups 
(inter group) 
p = 0.085 p = 0.618 p = 0.394   
Statistical 
Significance 
Not 
significant 
Not 
significant 
Not 
significant 
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Therefore, on statistical analysis a p-value of 0.000 was calculated which was statistically 
significant (p ≤ 0.05).  
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the PPA between both groups for visit 1, 4 and 7. 
The difference between groups at visit 1 was 0.085 and was not statistically significant (p > 0.05). 
The difference between groups at visit 4 was 0.618 and was not statistically significant (p > 0.05). 
The difference between groups at visit 7 was 0.394. This was not statistically significant (p > 
0.05).  
 
4.5.2 Flexion  
Table 4.5: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM 
flexion; differences between groups and differences within groups; Statistical 
significance.  
Flexion (degrees) 
 Visit 1 Visit 4 Visit 7 
Difference 
within groups  
Statistical 
significance 
Group 1 
n = 15 
26.27 ± 
1.742 
27.47 ± 
2.653 
31.60 ± 
2.028 
p = 0.015 Significant 
Group 2 
n = 15 
24.13 ± 
2.188 
26.80 ± 
1.986 
28.00 ± 
1.967 
p = 0.112 
Not 
significant 
Difference 
between 
groups  
p = 0.618 p = 0.663 p = 0.212   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
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As per table 4.5, the following is true regarding the data from the LROM flexion analysis: 
a) Intragroup analysis 
Regarding group 1, the mean flexion value produced at visit 1 was 26.27° (SD ± 1.742). At visit 
4, the mean was 27.47° (SD ± 2.653). At visit 7, the mean value was 31.60° (SD ± 2.028).  
Therefore, on statistical analysis a p-value of 0.015 was calculated which was statistically 
significant (p ≤ 0.05).  
For group 2, the mean value produced at visit 1 was 24.13° (SD ± 2.188). At visit 4, the mean 
was 26.80° (SD ± 1.986). At visit 7, the mean value was 28.00° (SD ± 1.967). Therefore, on 
statistical analysis a p-value of 0.0112 was calculated which was statistically significant (p ≤ 
0.05).  
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the flexion between both groups for visit 1, 4 and 
7. The difference between groups at visit 1 was 0.461 and was not statistically significant (p > 
0.05). The difference between groups at visit 4 was 0.390° and was not statistically significant 
(p > 0.05). The difference between groups at visit 7 was 0.259° and was not statistically 
significant (p > 0.05). 
 
4.5.3 Extension 
 
Table 4.6: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM 
extension; differences between groups and differences within groups; Statistical 
significance. 
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As per table 4.6, the following is true regarding the data from the LROM extension analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean extension value produced at visit 1 was 9.33° (SD ± 0.895). At 
visit 4, the mean was 10.60° (SD ± 0.887). At visit 7, the mean was 11.80° (SD ± 1.023). 
Therefore, on statistical analysis a p-value of 0.016 was calculated which was statistically 
significant (p ≤ 0.05).  
For group 2, the mean extension value produced at visit 1 was 8.00° (SD ± 1.411). At visit 4, 
the mean was 11.73° (SD ± 1.395). At visit 7, the mean value was 13.20° (SD ± 0.987).  
Therefore, on statistical analysis a p-value of 0.001 was calculated which was statistically 
significant (p ≤ 0.05). 
Extension (degrees) 
 Visit 1 Visit 4 Visit 7 
Difference 
within groups 
Statistical 
significance 
Group 1 
n = 15 
9.33 ± 
0.887 
10.60 ± 
1.023 
11.80 ± 
0.895 
p = 0.016 Significant 
Group 2 
n = 15 
8.00 ± 
1.411 
11.73 ± 
1.395 
13.20 ± 
0.987 
p = 0.001 Significant 
Difference 
between 
groups 
p = 0.189 p = 0.835 p = 0.322   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
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b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the NPRS between both groups for visit 1, 4 and 
7. The difference between groups at visit 1 was 0.189° and was not statistically significant (p > 
0.05). The difference between groups at visit 4 was 0.835° and was not statistically significant. 
The difference between groups at visit 7 was 0.322°. This was not statistically significant (p > 
0.05). 
 
4.5.4 Right Rotation 
 
Table 4.7: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM 
right rotation; differences between groups and differences within groups; Statistical 
significance. 
Right Rotation (degrees) 
 Visit 1 Visit 4 Visit 7 
Difference 
within groups 
Statistical 
significance 
Group 1 
n = 15 
8.00 ± 
0.894 
7.73 ± 
0.973 
9.93 ± 
0.949 
p = 0.019 Significant 
Group 2 
n = 15 
8.80 ± 
1.553 
8.60 ± 
0.833 
9.80 ± 
0.846 
p = 0.015 Significant 
Difference 
between 
groups (inter 
group) 
p = 0.933 p = 0.501 p = 0.950   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
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As per table 4.7, the following is true regarding the data from the LROM right rotation analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean right rotation value produced at visit 1 was 8.00° (SD ± 0.894). At 
visit 4, the mean was 7.73° (SD ± 0.973). At visit 7, the mean was 9.93° (SD ± 0.949). Therefore, 
on statistical analysis a p-value of 0.019 was calculated which was statistically significant (p ≤ 
0.05).  
For group 2, the mean right rotation produced at visit 1 was 8.80° (SD ± 1.553). At visit 4, the 
mean was 8.60° (SD ± 0.833). At visit 7, the mean was 9.80° (SD ± 0.846).  Therefore, on 
statistical analysis a p-value of 0.015 was calculated which was statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the right rotation between both groups for visit 1, 4 
and 7. The difference between groups at visit 1 was 0.933° and was not statistically significant 
(p > 0.05). The difference between groups at visit 4 was 0.501° and this was not statistically 
significant. The difference between groups at visit 7 was 0.950°. This was not statistically 
significant (p > 0.05). 
 
4.5.5 Left Rotation 
 
Table 4.8: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM left 
rotation; differences between groups and differences within groups; Statistical 
significance. 
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As per table 4.8, the following is true regarding the data from the LROM left rotation analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean left rotation value produced at visit 1 was 8.73° (SD ± 1.062). At 
visit 4, the mean was 8.20° (SD ± 0.972). At visit 7, the mean difference was 10.60° (SD ± 
1.032) Therefore, on statistical analysis a p-value of 0.007 was calculated which was statistically 
significant (p ≤ 0.05).  
For group 2, the mean left rotation value produced at visit 1 was 8.20° (SD ± 1.101). At visit 4, 
the mean was 9.33° (SD ± 0.882). At visit 7, the mean value was 8.93° (SD ± 0.796). Therefore, 
on statistical analysis a p-value of 0.037 was calculated which was statistically significant (p ≤ 
0.05). 
 
Left Rotation (degrees) 
 Visit 1 Visit 4 Visit 7 
Differences 
within groups 
Statistical 
significance 
Group 1 
n = 15 
8.73 ± 
1.062 
8.20 ± 
0.972 
10.60 ± 
1.032 
p = 0.007 Significant 
Group 2 
n = 15 
8.20 ± 
1.101 
9.33 ± 
0.882 
8.93 ± 
0.796 
p = 0.037 Significant 
Difference 
between 
groups (inter 
group) 
p = 0.461 p = 0.390 p = 0.259   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
  
52 
  
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the left rotation between both groups for visit 1, 4 
and 7. The difference between groups at visit 1 was 0.461° and was not statistically significant 
(p > 0.05). The difference between groups at visit 4 was 0.390° and was not statistically 
significant (p > 0.05). The difference between groups at visit 7 was 0.259°. This was not 
statistically significant (p > 0.05). 
 
4.5.6 Right Lateral Flexion 
 
Table 4.9: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM 
right lateral flexion; differences between groups and differences within groups; Statistical 
significance. 
 
Right Lateral Flexion (degrees) 
 Visit 1 Visit 4 Visit 7 
Differences 
within groups 
Statistical 
significance 
Group 1 
n = 15 
17.00 ± 
2.049 
18.67 ± 
1.764 
20.93 ± 
1.469 
p = 0.021 Significant 
Group 2 
n = 15 
17.33 ± 
1.406 
18.47 ± 
1.715 
20.93 ± 1. 
469 
p = 0.017 Significant 
Difference 
between 
groups (inter 
group) 
p = 0.934 p = 0.917 p = 0.950   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
  
53 
  
As per table 4.9, the following is true regarding the data from the LROM right lateral flexion 
analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean right lateral flexion value produced at visit 1 was 17.00° (SD ± 
2.049). At visit 4, the mean was 18.67° (SD ± 1.764). At visit 7, the mean was 20.93° (SD ± 
1.469). Therefore, on statistical analysis a p-value of 0.021 was calculated which was statistically 
significant (p ≤ 0.05).  
For group 2, the mean right lateral flexion produced at visit 1 was 17.33° (SD ± 1.406). At visit 
4, the mean was 18.47° (SD ± 1.715). At visit 7, the mean was 20.93° (SD ± 1.469). Therefore, 
on statistical analysis a p-value of 0.017 was calculated which was statistically significant (p ≤ 
0.05). 
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the NPRS between all three groups for visit 1 and 
7. The difference between groups at visit 1 was 0.725° and was not statistically significant (p > 
0.05). The difference between groups at visit 7 was 0.238°. This was not statistically significant 
(p > 0.05). 
 
4.5.7 Left Lateral Flexion 
 
Table 4.10: Group means and Standard Deviation of Visit 1, Visit 4 and Visit 7 for LROM 
left lateral flexion; differences between groups and differences within groups; Statistical 
significance. 
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As per table 4.10, the following is true regarding the data from the LROM left lateral flexion 
analysis: 
 
a) Intragroup analysis 
Regarding group 1, the mean left lateral flexion value produced at visit 1 was 18.27° (SD ± 
2.046). At visit 4, the mean was 19.33° (SD ± 1.420). At visit 7, the mean was 20.60° (SD ± 
1.729). Therefore, on statistical analysis a p-value of 0.153 was calculated which was not 
statistically significant (p  >  0.05).  
For group 2, the mean left lateral flexion produced at visit 1 was 19.07° (SD ± 1.835). At visit 4, 
the mean was 19.40° (SD ± 1.489). At visit 7, the mean was 22.60° (SD ± 1.257). Therefore, 
Left Lateral Flexion (degrees) 
 Visit 1 Visit 4 Visit 7 
Differences 
within groups 
Statistical 
significance 
Group 1 
n = 15 
18.27 ± 
2.046 
19.33 ± 
1.420 
20.60 ± 
1.729 
p = 0.153 
Not 
significant 
Group 2 
n = 15 
19.07 ± 
1.835 
19.40 ± 
1.489 
22.60 ± 
1.257 
p = 0.165 
Not 
significant 
Difference 
between 
groups (inter 
group) 
p = 0.693 p = 0.900 p = 0.465   
Statistical 
significance 
Not 
significant 
Not 
significant 
Not 
significant 
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on statistical analysis a p-value of 0.165 was calculated which was not statistically significant (p  
>  0.05).  
 
b) Intergroup analysis 
The NPar and Mann-Whitney tests analysed the left lateral flexion between both groups for visit 
1, 4 and 7. The difference between groups at visit 1 was 0.693° and was not statistically 
significant (p > 0.05). The difference between groups at visit 4 was 0.900° and was not 
statistically significant (p > 0.05). The difference between groups at visit 7 was 0.465°. This was 
not statistically significant (p > 0.05). 
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CHAPTER FIVE- DISCUSSION 
 
5.1 Introduction 
 
In this chapter, the results presented in chapter four will be interpreted and discussed. The 
relationship between the literature reviewed in chapter two and the data produced by the clinical 
trial described in chapter four will be compared. The outcome of this study will then be linked to 
its practical application and possible impact on practitioners and patients regarding the treatment 
of chronic mechanical low back pain with associated active quadratus lumborum trigger points, 
and the effectiveness of shockwave therapy when compared to the routinely used treatment 
method of myofascial dry needling.  
 
5.2 Demographic Data  
 
The study included 30 participants who were randomly and evenly placed into two groups (15 
per group). Group 1 consisted of 4 males and 11 females. Group 2 consisted of 9 males and 6 
females. In total, 13 males and 17 females participated in this study.  
The prevalence of myofascial trigger points is slightly higher in females compared to males, with 
54% of females presenting with myofascial trigger point compared to 45% of males (Delgado et 
al., 2009). Therefore, the gender distribution of this study is in line with the epidemiology of 
myofascial trigger points. The difference in gender distribution between the groups was 
statistically insignificant (p > 0.05), therefore the groups were comparable in terms of gender.  
The mean age for group 1 was 23.3 years and 23.67 for group 2. The difference in mean age 
between the groups was not statistically significant (p > 0.05). Therefore, the intergroup analysis 
of subjective and objective data was not affected by the age distribution between groups and the 
groups were deemed comparable. 
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The age of participants ranged between 18 and 50 years old. The mean age within the population 
of the study was 23.5 years. In Chapter 2 it was noted that the most common age for myofascial 
trigger points to present is between the ages of 27.5 and 50 years old (Delgado et al., 2009). 
Therefore, the mean age of 23.5 years found in this study was close to the expected range.  
As discussed in chapter two, the activation of trigger points can be caused by many factors, such 
as repetitive muscle overuse, acute or sustained overload and psychological stress (Gerwin et 
al., 2004). This can be due to postural or structural overuse (Donnelly, 2019). Participants of the 
study were of an age group where the likelihood of activities leading to muscle overuse is 
generally high. Thus, both postural strain and overuse may be the reason of the age distribution 
displayed in chapter four.  
 
5.3 Numerical Pain Rating Scale 
 
a) Intragroup analysis 
The VAS values improved between visit 1 and visit 7 in both groups. The improvement was 
statistically significant (p ≤ 0.05). Therefore, both treatment methods tested were effective over 
time in reducing the pain experienced by participants.  
b) Intergroup analysis 
Regarding the baseline values, the difference in the VAS between group 1 and group 2 was not 
statistically significant. This indicates that the groups were comparable. The difference of VAS 
values between the groups at the final visit was not significant. This demonstrates that neither 
group was more effective than the other in decreasing VAS scores.  
c) Discussion of the Visual Analogue Scale analysis  
As shown in Chapter 3, the VAS is considered reliable and valid by Breivik, Borchgrevink, Allen, 
Rosseland, Romundstad, Kvarstein & Stubhaug (2008). When comparing values in Table 4.3 
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and 4.4, the relationship between the VAS scores and the readings taken by the pain pressure 
algometer are directly proportional to one another. As the patient reported a lower VAS score, 
the PPA reading increased during each data capturing visit. This shows the reliability of the use 
of the visual analogue scale. 
Ramon et al. (2015) conducted a randomized clinical trial to gather evidence on the treatment 
of the known myofascial points present in fibromyalgia patients. A group of 24 fibromyalgia 
patients was randomly divided into two groups, receiving 5 sessions either radial ESWT or 
placebo treatment. The treatment group received 500 pulses, at 1.5 bar pressure, 15 Hz 
frequency; followed by 1000 pulses, at 2 bar and 8Hz, and finally 500 pulses at 1.5 bar and 
15Hz, thus completing 2000 pulses in each of the three most painful points selected. For the 
placebo application, the researchers used a soft rubber cap and leaving a gap between the cap 
and the skin, rendering it impossible for the pulses to reach the patient. Placebo patients 
received the same number of pulses at a constant pressure of 1.5 bar. The radial ESWT patients 
showed significant improvement in subjective measures which comprised of the VAS scale 
(Ramon et al, 2015).  
A randomized control trial was performed by Hsieh et al. (2007) looked at a group of 14 
participants with bilateral shoulder pain with active trigger points in the infraspinatus on each 
side. Range of motion was assessed with internal rotation of the shoulder; pain was assessed 
by the visual analogue scale; and pain pressure threshold by an algometer that was proven to 
be both valid and reliable. In each of the three categories there were significant improvements 
in the dry needled side compared to the non-needled side with regards to subjective and 
objective measurements, specifically when regarding the visual analogue scale and the pressure 
pain algometer readings. 
The current study has shown a statistically significant (p ≤ 0.000) change in VAS values with the 
use of myofascial dry needling and shockwave therapy which is consistent with the findings of 
the abovementioned research. However, when comparing the final VAS scores between each 
of the groups, no statistically significant difference was found. Therefore, based on these findings 
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it may be proposed that shockwave as a treatment modality for active myofascial trigger points 
of the quadratus lumborum muscle is equally as beneficial as myofascial dry needling.  
Myofascial dry needling showed a decrease in perceived pain over time, based on the subjective 
data obtained from the trial. Myofascial dry needling is an invasive procedure in which a filiform 
needle is inserted through the skin and directly into a myofascial trigger point within a muscle. 
The needle is left inside the trigger point for a minimum of 10 minutes or until a twitch response 
is elicited (Travell & Simons, 2001). A local twitch response causes alterations in the length and 
tension of the muscle fibers and stimulates mechanoreceptors like the A-Beta fibers which 
synapse on interneurons in the dorsal horns of the spinal cord, closing the “pain gate” by 
inhibiting interpretation of the pain signals (Baldry, 2005). Dry needling causes a mechanical 
disruption of the integrity of dysfunctional endplate (Simons, Travell & Simons, 1999). These 
factors lessen pain felt in the area.  
According to the pain gate theory, a greater pressure applied produces a greater pressure 
stimulus, and a greater pressure stimulus will activate the longer, more thickly myelinated 
pressure mechanoreceptors. Pressure mechanoreceptors have a greater effect on the pain gate 
than pain receptors because of their ability to transmit signals faster than pain fibers (Tsao, 
2007). This could account for the decrease in VAS score for group 2 (who received shockwave 
and manipulation).  
Shockwave therapy has been shown to influence tissue regeneration and remodelling by 
impacting macrophages and inflammation in the affected area (Sukubo et al., 2015). It was found 
that classic macrophages (M1) are prevalent during the initial phase of inflammation. M1 
macrophages release proinflammatory cytokines and proteinase which are the cause of pain 
and tissue damage. Shockwave therapy inhibited these classic macrophages. Shockwave 
therapy was also described to have a synergistic effect on alternative macrophages (M2). M2 
macrophages produce anti-inflammatory cytokines and interleukins that promote tissue healing 
and reduce pain. This suggests that shockwave therapy may have a biological effect on 
myofascial trigger points and substantiates the greater decrease in perceived pressure pain of 
Group 2 compared to that of Group 1 (Sukubo et al., 2015).  
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Reduction of perceived pain levels, muscle spasm and tenderness of quadratus lumborum 
myofascial trigger points are due to the biological effects of shockwave therapy. Angiogenesis 
and the elimination of excessive levels of calcium ions at the musculotendinous junction are 
caused by the energy crisis and local tissue ischaemia, which is promoted by the shockwave in 
the target tissue (Dommerholt & Huijbregts, 2010; Gerdesmeyer & Weil, 2007).  
Spinal manipulative therapy is known to have reflexogenic effects that result in a reduction of 
pain and associated muscle spasm produced by myofascial trigger points (Herzog, 2010). In a 
study by Herzog, Scheele & Conway (1999), spinal manipulative therapy affected the 
electromyography (EMG) activity of skeletal muscles in the underlying treatment area, 
suggesting spinal manipulation causes a reflex response. Hypotonic muscles relaxed, and EMG 
activity decreased post spinal manipulation resulting in a decrease in pain (Herzog et al, 1999).  
 
5.4 Pain Pressure Algometer 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in PPA values for all 
groups. This change was statistically significant and means that both myofascial dry needling 
and shockwave therapy are effective over time.  
 
b) Intergroup analysis 
At visit 1, the difference in the PPA values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
At visit 7, the difference in PPA values between the groups was not significant. This means that 
neither of the two groups show statistically significant superiority over the other in terms of the 
PPA.  
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c) Discussion of Pain Pressure Algometer analysis 
The reliability and validity of the pressure algometer was researched and confirmed by Kinser, 
Sands and Stone (2009). The increase in PPA measures after the application of the assigned 
treatment protocol may be because of the elimination of the myofascial trigger point. 
A pressure algometer can be utilised as a means of quantitatively assessing the presence of 
myofascial trigger points and the associated pressure pain threshold of that individual (De Las 
Penas, Campo, Carnero & Miangolarra-Page, 2005). Pressure pain threshold is the minimal 
pressure value that causes pain (Ylinen, 2007). As shown by the subjective data results from 
this trial, both myofascial dry needling and shockwave therapy shown to be effective with regards 
to perceived pain relief.   
Intra-group analysis showed statistically significant improvements suggesting that myofascial 
dry needling and shockwave therapy are effective manual therapies for increasing pressure pain 
threshold of study participants. Both therapies have various effects and advantages. In both 
groups pressure was applied to the active quadratus lumborum myofascial trigger point, as seen 
with the use of filiform needles and the shockwave applicator.  
Essentially an explanation for the lack of a statistically significant difference during the intergroup 
analysis for pressure algometer readings can be attributed to the fact that both myofascial dry 
needling and shockwave therapy are clinically effective in increasing the pain threshold over a 
treated active quadratus lumborum myofascial trigger point (Arab et al, 2014). Varying degrees 
of pressure when applied, as in myofascial dry needling and shockwave therapy and with taking 
the pain gate theory into account, can influence the pain gate mechanism. Pressure receptors 
transmit pressure stimuli more rapidly than that of pain receptors, facilitating the closure of the 
gate to pain stimuli (Tsao, 2007). Applying pressure to the active trigger points with either a 
needle or the force of the shockwave applicator, accounts for a clinical improvement seen in 
both groups.  
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In the same research study discussed earlier by Ramon et al, the radial ESWT patients showed 
significant improvement in objective measures such as the pressure pain algometer and the 
Roles and Maudsley FiLROMyalgia Impact Questionnaire (Ramon et al, 2015). This is consistent 
with the results obtained from this research study in terms of improvement utilizing objective 
measurements of pain.  
 
5.5 Back Range of Motion 
 
5.5.1 Flexion 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in flexion values for all 
groups. For group 1, this change was statistically significant and means that myofascial dry 
needling is effective in increasing flexion over time. For group 2, there showed an increase in 
values from visit 1 to 7 however, the increase was minimal and calculated as statistically 
insignificant. This indicated that shockwave therapy to the quadratus lumborum trigger points 
combined with spinal manipulative therapy is not effective in increasing flexion over time. 
 
b) Intergroup analysis 
At visit 1, the difference in the forward flexion values between group 1 and group 2 was not 
statistically significant. Therefore, both groups were comparable.  
At visit 4 and 7, the difference in the forward flexion values between the groups was not 
significant. This means that neither of the two groups show statistically significant superiority 
over the other in terms of forward flexion. 
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c) Discussion of LROM: forward flexion analysis 
A muscle harbouring a trigger point is prevented by pain from reaching its full stretch range of 
motion and is also restricted in its strength and endurance (Travell & Simons, 2001). This means 
that a muscle free of myofascial trigger points should have a normal to increased range of 
motion. Therefore Group 1 had a significant increase in lumbar forward flexion. 
Primary trigger points are those that develop from chronic overloading of the muscle in question 
and not because of the actions of another muscle. Secondary trigger points are the result of 
mechanical stress and neurogenic inflammation due to the activity of a primary trigger point in a 
muscle that is within proximity of it (Delgado et al., 2009). This could be due to the formation of 
secondary trigger points in the paraspinal muscles. This means that the secondary paraspinal 
trigger points restricted forward flexion as they were not treated in this study. A secondary trigger 
point forms as a result of activation by a primary trigger point in close proximity to it (Travell & 
Simons, 2001).  
 
5.5.2 Extension 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in extension values for all 
groups. For both groups, this change was statistically significant and means that both myofascial 
dry needling and shockwave therapy combined with spinal manipulative therapy as effective in 
increasing extension over time.  
 
b) Intergroup analysis 
At visit 1, the difference in extension values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
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At visits 4 and 7, the difference in extension values between the groups was not significant. This 
means that neither of the two groups show statistically significant superiority over the other in 
terms of extension range of motion.  
 
c) Discussion of LROM: extension analysis 
The action of the quadratus lumborum when acting bilaterally is extension of the trunk 
(Dommerholt & Fernandez-De-Las-Penas, 2013). A muscle harbouring a trigger point is 
prevented from reaching its full stretch range of motion and is also restricted in its strength and 
endurance (Travell & Simons, 2001). The effectiveness of dry needling is due to the mechanical 
disruption of the integrity of dysfunctional endplate (Simons, Travell & Simons, 1999). It was 
suggested by Hsieh et al (2000), that the insertion of a needle at the endplate region may lead 
to increased discharges and thereby immediately reduce available acetylcholine stores.  This 
means that a muscle free of myofascial trigger points should have a normal to increased range 
of motion. Therefore, both groups had a significant increase in lumbar extension according to 
the data analysis. This shows that myofascial dry needling and shockwave therapy combined 
with spinal manipulation are effective in restoring and increasing impaired extension of the 
lumbar spine.  
 
5.5.3 Right rotation 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in right rotation values for 
all groups. This change was statistically significant and means that both myofascial dry needling 
and shockwave therapy are effective over time in increasing right rotation of the lumbar spine. 
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b) Intergroup analysis 
At visit 1, the difference in right rotation values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
At visit 4, the difference in right rotation values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
At visit 7, the difference in right rotation values between the groups was not significant. This 
means that neither of the two groups show statistically significant superiority over the other in 
terms of increasing degrees of lumbar spine right rotation.  
 
5.5.4 Left rotation 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in left rotation values for 
all groups. This change was statistically significant and means that both myofascial dry needling 
and shockwave therapy are effective over time in increasing left rotation of the lumbar spine. 
 
b) Intergroup analysis 
At visit 1, the difference in left rotation values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
At visit 4, the difference in left rotation values between group 1 and group 2 was not statistically 
significant. Therefore, both groups were comparable.  
At visit 7, the difference in left rotation values between the groups was not significant. This means 
that neither of the two groups show statistically significant superiority over the other in terms of 
increasing degrees of lumbar spine left rotation.  
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5.5.5 Right lateral flexion 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in right lateral flexion 
values for all groups. This change was statistically significant and means that both myofascial 
dry needling and shockwave therapy are effective over time in increasing right lateral flexion of 
the lumbar spine. 
 
b) Intergroup analysis 
At visit 1, the difference in right lateral flexion values between group 1 and group 2 was not 
statistically significant. Therefore, both groups were comparable.  
At visit 4, the difference in right lateral flexion values between group 1 and group 2 was not 
statistically significant. Therefore, both groups were comparable.  
At visit 7, the difference in right lateral flexion values between the groups was not significant. 
This means that neither of the two groups show statistically significant superiority over the other 
in terms of increasing degrees of lumbar spine right lateral flexion.  
 
5.5.6 Left lateral flexion 
 
a) Intragroup analysis 
The analysis of each group between visit 1 and 7 showed an increase in left lateral flexion values 
for all groups. This change was not statistically significant and means that both myofascial dry 
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needling and shockwave therapy are equally effective over time in increasing left lateral flexion 
of the lumbar spine. 
 
b) Intergroup analysis 
At visit 1, the difference in left lateral flexion values between group 1 and group 2 was not 
statistically significant. Therefore, both groups were comparable.  
At visit 4, the difference in left lateral flexion values between group 1 and group 2 was not 
statistically significant. Therefore, both groups were comparable.  
At visit 7, the difference in left lateral flexion values between the groups was not significant. This 
means that neither of the two groups show statistically significant superiority over the other in 
terms of increasing degrees of lumbar spine left lateral flexion.  
When considering left rotation in group 1, visit 1 had a mean value of 8.73°, visit 4 had a mean 
value of 8.20° and visit 7 had a mean value of 10.60°. After the 3rd treatment of myofascial dry 
needling combined with spinal manipulation, the mean left rotation value decreased. It then 
increased again by the 7th consultation. This shows that myofascial dry needling is effective over 
time in increasing rotation in the lumbar spine. 
When considering left rotation of group 2, visit 1 had a mean value of 8.20°, visit 4 had a mean 
value of 9.33° and visit 7 had a mean value of 8.93°. This shows that shockwave therapy 
combined with a chiropractic manipulation is effective in increasing lumbar spine rotation after 3 
treatments, however after that the range of motion starts to decrease.  
The primary antagonist to one quadratus lumborum is the corresponding muscle on the opposite 
side. This means that myofascial trigger points and fiber shortening in one quadratus lumborum 
muscle frequently leads to secondary involvement of the opposite quadratus lumborum by 
overloading it (Travell & Simons, 2001). This could be the reason for the decrease in rotation 
shown in group 1 and 2 above.  
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Discussion of LROM analysis 
As shown above and in Chapter 4, both treatment methods were effective in increasing all 
ranges of motion, with the greatest being in extension, rotation and lateral flexion.  
A muscle harbouring a trigger point is prevented by pain from reaching its full stretch range of 
motion and is also restricted in its strength and endurance (Travell & Simons, 2001). This means 
that a muscle free of myofascial trigger points should have a normal to increased range of 
motion.  
Myofascial dry needling has shown to decrease pain and muscle tension, improved range of 
motion, muscle strength and coordination (Carnegie, 2013). It was suggested by Hsieh et al 
(2000), that the insertion of a needle at the endplate region may lead to increased discharges 
and thereby immediately reduce available acetylcholine stores. This means that there will be 
less spontaneous electrical activity and therefore decreased formation of myofascial trigger 
points and pain production.  
Shockwave therapy has shown to be effective in promoting angiogenesis, increasing profusion, 
enhancing cell differentiation, decreasing inflammation and alleviating pain by altering pain 
signals (Shah, 2008).   
The effects of Chiropractic manipulation have been shown to include: increased range of motion, 
relief of musculoskeletal pain, increased pain tolerance and increased muscle strength (Meeker 
& Haldeman, 2002). 
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Overall Discussion 
 
As discussed above, both groups showed that for certain of the subjective and objective data 
both clinical and statistical significant improvements resulted over time, but no group was more 
effective than the other. 
Myofascial dry needling has shown to decrease pain and muscle tension, improved range of 
motion, muscle strength and coordination (Carnegie, 2013). 
Shockwave therapy is a non-invasive and relatively simple treatment method that is effective in 
the treatment of myofascial trigger points (Bauermeister, 2005). It has shown to be effective in 
promoting angiogenesis, increasing profusion, enhancing cell differentiation, decreasing 
inflammation and alleviating pain by altering pain signals (Shah, 2008). Chiropractic 
manipulation has the reflexogenic effect on trigger points to relieve associated muscle spasm 
and to decrease pain.   
To conclude the discussion, both treatment protocols have the ability to effectively resolve 
symptoms of mechanical low back pain, however, lack of statistically significant differences 
between the two treatment protocols were noted.  
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CHAPTER SIX – CONCLUSION AND RECOMMENDATIONS  
  
6.1 Introduction  
 
This chapter discusses the conclusions drawn from this study which are based on chapter five. 
Recommendations for related studies to be done in the future and improvements that could be 
made are also discussed.   
  
6.2  Conclusion  
 
This study was designed to compare the effects of the treatment protocol of Chiropractic 
manipulative therapy and myofascial dry needling with Chiropractic manipulative therapy and 
Shockwave therapy on participants presenting with chronic mechanical low back pain and 
associated active myofascial trigger points of the quadratus lumborum muscle.  
 
Both treatment protocols had positive clinical effects on the participants. Subjectively the 
participants, on average, experienced a decrease in perceived pain. Objectively both the LROM 
measurements and the pressure algometer readings decreased throughout the trial period, this 
was noted in both groups. This suggests that although both treatment protocols had positive 
effects on participants over the trial, neither treatment protocol had definitive statistical 
improvements compared to the other in the treatment of mechanical low back pain with 
associated quadratus lumborum myofascial trigger point involvement. Thus, to conclude, both 
myofascial dry needling and shockwave therapy in conjunction with lumbar spinal manipulations 
can be used to effectively treat mechanical low back pain with associated active quadratus 
lumborum myofascial trigger point involvement.  
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This study may help other chiropractors in their approach to treating chronic mechanical low 
back pain with associated active MFTPs of the quadratus lumborum muscles, therefore providing 
a more effective treatment plan.   
 
6.3 Limitations   
 
A number of aspects in this study created some limitations to obtaining the most accurate data 
possible. The LROM device used in this study proved difficult in yielding similar measurements 
when comparing three measurements of a motion taken straight after one another. The device 
was not extremely user friendly due to the fact that the Velcro strap slides out of place while the 
patient performs the motions and therefore moves the goniometers, therefore altering the 
degrees of that measurement. This created a limitation on obtaining very accurate 
measurements in lumbar range of motion. 
Finding patients with truly active quadratus lumborum trigger points proved to be challenging. 
While low back pain is a common problem in the public, active trigger points in the quadratus 
lumborum muscle are easily over looked and patients may not know that they are the cause of 
their low back pain. This created some difficulty in recruiting participants for the study.  
A major limitation to the accuracy of the myofascial dry needling procedure and whether the 
needle was accurately inserted in to the trigger point was determined by the patient’s weight. 
Accuracy of needling was optimal in fit patients due to the minimal amount of adipose tissue 
between the skin surface and the muscle. However, in overweight patients it was much more 
difficult to palpate the trigger points and on insertion of the needle the adipose tissue layer 
would alter the direction of the needle once the needle shaft was released. This decreased the 
incidence of the trigger points being optimally treated with the needle. In this study, many 
patients were considered overweight. It is possible that there is a higher incidence of active QL 
trigger points in overweight patients due to a lack of exercise and core strength. Poor core 
strength could cause the QL’s to compensate and become hypertonic, eventually leading to 
the formation of active trigger points.  
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6.4  Recommendations  
 
Recommendations below could aid in future research pertaining to myofascial trigger points and 
shockwave therapy:  
  
• Include more variations of data collection such as completion of an Oswetry Low Back 
Pain and Disability Questionnaire to provide a greater amount of data to be analysed, 
which would make the research more specific and valid. 
• Include an additional follow-up consultation at periods of 2 weeks and one month 
following the last treatment to determine the long-term effects of each treatment 
protocol. This may allow for the determination of which treatment protocol has longer 
lasting effects on myofascial trigger points. 
• A comparative study can be conducted using the different forms of shockwave therapy, 
these being radial versus focused shockwaves.   
• Future studies can be conducted on specific population groups, i.e. geriatrics, athletes, 
physically disabled individuals, in order to collect information on the efficacy of 
shockwave therapy on a broader spectrum.  
• A device other than the LROM device could be used in measuring lumbar range of 
motion. The motions could be narrowed down to include only those produced by the 
QL’s and not all motions of the lumbar spine.  
• Inclusion criteria could be considered to only include patients who are physically in 
shape to improve the accuracy of the needling procedure. A suggestion is to use a 
category of athletes who primarily use the QL’s during their sport, such as hockey 
defenders who slap the ball into rotation while in a deep lunge position.  
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APPENDIX A 
Participants needed for a research study: 
“The Effectiveness of Chiropractic Manipulation and Shockwave 
therapy versus the effectiveness of Chiropractic Manipulation and 
Myofascial Dry Needling on Mechanical Lower Back Pain with 
associated active Quadratus Lumborum Trigger Points” 
DESCRIPTION OF PROJECT: 
This study will take place between 05 Nov 2018- 7 Dec 2018 
To learn more, contact the principal investigator of the study, Kelsi Holz, 
On:  082 491 8624 
REC number: 01-183-2018 
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APPENDIX B 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
05 November 2018 
Good Day 
My name is Kelsi Holz. I WOULD LIKE TO INVITE YOU TO PARTICIPATE in 
a research study on the effect of myofascial dry needling and shockwave 
therapy, in combination with a lower back chiropractic adjustment, on chronic 
low back pain.  
Before you decide on whether to participate, I would like to explain to you why 
the research is being done and what it will involve for you. I will go through the 
information letter with you and answer any questions you have. This should 
take about 10 to 20 minutes. The study is part of a research project being 
completed as a requirement for a Master’s Degree in Chiropractic through the 
University of Johannesburg. 
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THE PURPOSE OF THIS STUDY is to compare the effectiveness of 
myofascial dry needling and shockwave therapy on patients presenting with 
chronic mechanical low back pain. These two treatments will be used in 
combination with a chiropractic lower back adjustment. 
Below, I have compiled a set of questions and answers that I believe will assist 
you in understanding the relevant details of participation in this research study. 
Please read through these. If you have any further questions I will be happy to 
answer them for you. 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to 
participate in the study. I will describe the study and go through this information 
sheet. If you agree to take part, I will then ask you to sign a consent form.  
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO 
PARTICIPATE? You will partake in 7 consultations, the first six consisting of 
examination, treatment and measurements, with the seventh consultation only 
being measurements and data capturing. You will report back regarding your 
low back pain progression due to the treatment over these 7 consultations 
which will take place over three weeks. 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you 
decide to participate, you are free to withdraw your consent at any time without 
giving a reason and without any consequences. If you wish to withdraw your 
consent, you should inform me as soon as possible. 
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IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, 
OR PAYMENT DUE TO ME:  You will not be paid to participate in this study 
and you will not bear any expenses. 
RISKS INVOLVED IN PARTICIPATION: Possible side effects from treatment 
include post-treatment stiffness, soreness and possible light bruising 
BENEFITS INVOLVED IN PARTICIPATION: Possible alleviation of chronic low 
back pain. 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. 
Names on the questionnaire/data sheet will be removed once analysis starts. 
All data and back-ups thereof will be kept in password protected folders and/or 
locked away as applicable. Only I or my research supervisor will be authorised 
to use and/or disclose your anonymised information in connection with this 
research study. Any other person wishing to work with you anonymised 
information as part of the research process (e.g. an independent data coder) 
will be required to sign a confidentiality agreement before being allowed to do 
so. 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The 
results will be written into a research report that will be assessed. In some 
cases, results may also be published in a scientific journal. In either case, you 
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will not be identifiable in any documents, reports or publications. You will be 
given access to the study results if you would like to see them, by contacting 
me.  
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being 
organised by me, under the guidance of my research supervisor at the 
Department of Chiropractic in the University of Johannesburg. This study will 
be funded by a supervisor-linked bursary. 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study 
was allowed to start, it was reviewed in order to protect your interests. This 
review was done first by the Department of Chiropractic, and then secondly by 
the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints 
about this research study, its procedures or risks and benefits, you should ask 
me. You should contact me at any time if you feel you have any concerns about 
being a part of this study. My contact details are:  
Kelsi Holz  
holzkelsi@gmail.com 
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You may also contact my research supervisor: 
Dr. Chris Yelverton 
chrisy@uj.ac.za 
If you feel that any questions or complaints regarding your participation in this 
study have not been dealt with adequately, you may contact the Chairperson 
of the Faculty of Health Sciences Research Ethics Committee at the University 
of Johannesburg: 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to 
have more specific information about this research project information, have 
any questions, concerns or complaints about this research study, its 
procedures, risks and benefits, you should communicate with me using any of 
the contact details given above. 
Researcher: 
Kelsi Holz 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
Chiropractic Manipulation and Shockwave therapy versus Chiropractic Manipulation and 
Myofascial Dry Needling on Mechanical Low Back Pain with associated Quadratus 
Lumborum Trigger Points 
Please initial each box below: 
      I confirm that I have read and understand the information letter dated: 05    
November 2018 for the above study. I have had the opportunity to consider the information, 
ask questions and have had these answered satisfactorily. 
    I understand that my participation is voluntary and that I am free to withdraw from 
this study at any time without giving any reason and without any consequences to me. 
      I agree to take part in the above study. 
_____________________        _____________________        ____________________ 
Name of Participant    Signature of Participant      Date 
______________________      _____________________        ____________________ 
Name of Researcher    Signature of Researcher Date 
APPENDIX C 
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APPENDIX D 
Contra-Indications for Lumbar Adjustments (Esposito & Philipson, 2005) 
1. Trauma:
• A full lumbar spine X-ray series should be requested after trauma to the
lumbar region. These include an AP, 2 oblique’s, a lateral, stress flexion
and stress extension. If still suspicious, a CT or MRI should be carried
out.
• Spinal manipulation is contra-indicated if any instability is evident on any
of these requested views or while the fracture is healing.
• After 6 weeks, in which the fracture should heal, long axis / distraction
mobilisations may begin to increase range of motion and flexibility.
• Dislocations need to be surgically attended to for stability reasons.
• Any neurological signs of deficits after trauma should be carefully
investigated and/or referred to a neurosurgeon.
• Manipulations may be safely delivered to other spinal levels and the
pelvis as long as the fractured segment is not manipulated.
2. Inflammation and Infection:
• With regards to Ankylosing Spondylitis (AS), manipulations are contra-
indicated in the inflammatory phase as this may exacerbate symptoms
and the participant can’t tolerate the positioning due to the pain.
Mobilisations and exercise may benefit the participant during non-
inflammatory stages and gentle adjusting can be performed.
• Infectious diseases that are contra-indicated to lumbar manipulations
are osteomyelitis and Pott’s disease (TB of the spine).
• In osteomyelitis, especially untreated and advanced, the destruction of
the involved bone makes manipulating contra-indicated since fracturing
may occur subsequent to a manipulation.
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• Pott’s disease / TB of the spine is also contra-indicated due to osseous
destruction of vertebral bodies that may fracture and collapse on
manipulation.
• Infective processes need to be treated with antibiotics and/or surgical
fusion and out of chiropractic treatment.
3. Tumours:
• Sites of primary and/or metastatic tumours are contra-indicated for
manipulations as it may lead to fractures and/or dislocations, or
compress the spinal cord. Metastatic dispersion may also be
encouraged by spinal manipulation.
4. Spondylolisthesis:
• Manipulation of the affected segments is contra-indicated – rather
manipulate the segments above and below the Spondylolisthesis.
• If the slippage is greater than 50%, or there is neurological deficit, or
symptoms persist for longer than one year with treatment, refer the
participant for surgery.
5. Osteoporosis:
• Manipulations are contra-indicated as the shear amplitude of the thrust
and force of the manipulation may fracture osseous structures due to
the decrease in bone density.
• Rather gently mobilise an osteoporotic participant as this may benefit
them by pain relief.
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APPENDIX E 
Contra-Indications for Shockwave therapy (Gleitz and Horning, 2012) 
 
1. Do not use Shockwave therapy on any part of the body during 
pregnancy 
2. Bleeding disorders such as haemophilia or other coagulation disorders 
3. Vascular diseases such as: 
a. Deep vein thrombosis, phlebitis or varices 
b. Severe arterial obstructions, arterial disease or circulatory 
insufficiency 
4. Shockwave therapy should not be used in conjunction with: 
a. Anticoagulant pharmaceuticals 
b. Corticosteroid injections 
5. Shockwave therapy must not be applied over the following areas: 
a. Reproductive organs 
b. The eyes 
c. Superficial major nerves 
d. Joint replacement locations 
e. Target areas located above air filled tissue (lungs) 
f. Polyneuropathy area 
6. Gynaecological disorders involving acute inflammation  
7. Systemic or local infection 
8. Acute inflammations and swellings or to patients with haemorrhage or 
who are at risk of haemorrhaging  
9. Malignant tumours, neoplastic tissue or space occupying lesions or 
undiagnosed tumours 
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APPENDIX F 
Contraindications for Myofascial Dry Needling (Kostopoulos & Rizopoulos, 
2001) 
1. Bleeding diatheses
2. Anticoagulation or bleeding disorders
3. Local or systemic infection
4. Inability to rest the treated region after the procedure
5. Acute Muscle Trauma
6. Open Wounds in the area next to the area being needled
7. Anticoagulation therapies
8. Severe arteriosclerosis
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APPENDIX G 
Chiropractic Manipulation Procedure (Bergmann & Peterson, 2011) 
 
Manipulation of the lumbar spine will be carried out in the following manner:  
• The participant will be asked to lie on their uninvolved side with their 
upper leg bent and their lower leg straight and their arms folded over 
their chest on the treatment bed.  
• The student will stand square on to face the patient. The students 
cephalad hand will contact the patients crossed forearms while the 
caudal hand contacts the restricted lumbar spine segment using a 
reinforced index finger.  
• The forearm of the student’s caudal hand will contact the patients iliac 
crest. The students cephalad leg will remain on the ground and the 
caudal leg will contact knee to thigh with the patients upper most bent 
leg.  
• A controlled rotary force will be applied to the lumbar spine and iliac 
crest using the students arm while the students lifted leg will apply a 
controlled force directed straight down to the ground through the 
patient’s leg. 
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APPENDIX H 
Shockwave Therapy Procedure (Bauermeister, 2003) 
Shockwave therapy will be carried out in the following manner: 
• The participant will be asked to lie on their uninvolved side, with their
uppermost arm above and behind their head on the treatment bed.
• The knee of the involved side is dropped onto the bed, behind the other
knee. This allows the quadratus lumborum muscle to be fully accessible.
• The researcher will then expose the area of treatment and locate the
most active quadratus lumborum trigger point, in case more than one
trigger point is found.
• There are four main trigger points in this muscle. The location of the
active trigger point will be noted on the SOAP note. This will ensure that
the same trigger point is treated throughout the study period.
• Coupling gel will then be applied to the area of treatment to ensure
acoustic wave efficiency.
• The correct settings (intensity between 2 bars; 2000 pulses; frequency
10Hz) will be entered into the shockwave unit, according to the BTL
Therapeutic encyclopaedia, and treatment will approximately take 5
minutes to complete.
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APPENDIX I 
Myofascial Dry Needling Procedure (Travell & Simons, 2001) 
 
Myofascial dry needling will be carried out in the following manner:  
• The patient will be asked to lie on their uninvolved side with their 
uppermost arm above and behind their head.  
• Their uppermost knee will be dropped to touch the bed, behind the other 
knee. This makes the quadratus lumborum muscle fully accessible for 
treatment.  
• Once the active trigger point has been located by the flat palpation 
technique, the area is wiped clean with an alcohol swab.  
• The index and middle fingers are placed on either side of the active 
trigger point.  
• The needle is inserted and is directed straight down toward the active 
trigger point. It is inserted in the direction of the transverse processes in 
between the index and middle fingers.  
• The needle is removed subjectively, once there is no longer a pain 
referral from the active trigger point and it is essentially deactivated.  
• The area is then cleaned with another alcohol swab.  
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APPENDIX J 
Pressure Algometer readings (kg.cm²) 
 
QUADRATUS LUMBORUM MUSCLE 
 First Visit Fourth Visit Seventh visit 
Reading 1 
(kg/cm²) 
   
Reading 2 
(kg/cm²) 
   
Reading 3 
(kg/cm²) 
   
Average    
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APPENDIX K 
LROM Readings (degrees) 
 
 First Visit Fourth Visit Seventh visit 
Flexion    
Extension    
Lateral flexion 
(Left) 
   
Lateral flexion 
(Right) 
   
Rotation (Left)    
Rotation (Right)    
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APPENDIX L 
Visual Analogue Scale 
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APPENDIX M: Ethics Clearance Letter  
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 APPENDIX N: Turnitin Report  
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APPENDIX O: STATKON Letter 
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APPENDIX P: Case History 
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APPENDIX Q: Physical Examination 
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APPENDIX R: Lumbar Regional Examination 
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APPENDIX S : SOAP note 
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